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Circumferential welding of speci up to 6” in diameter is possible 
on the unit illustrated and provision is made for fitting a traverse for 
longitudinal welding. D.C. power is supplied variable up to 20 kV 
100 mA, and a pulsing unit controlling 0-90 cycles ON and 0-90 cycles 
OFF is incorporated. 

The “* Speedivac ’ Electron Beam Welding Unit* is a versatile research 
and pilot plant for providing high quality flux-free welds in a vacuum 
of less than 10-¢ torr. 








*C.E.A. system Patent pending (Brit, Pat. Appl. 1962/57) a 


EDWARDS HIGH VACUUM LTD. - MANOR ROYAL - CRAWLEY - SUSSEX - ENGLAND - Crawley 150! 
THERE’S A REASON... 


why Nutritional Biochemicals Corp. is the largest research 
biochemical house in the world! 











Yes . . . there’s a reason, actually several of them, why more research investigators 
tely on NBCo than any other biochemicals organization. One of them is that 
NBCo is the most COMPLETE source for ALL their biochemical needs. 
They can depend on every NBCo chemical to be of the HIGHEST QUALITY 
. .. at the LOWEST POSSIBLE PRICE! And finally . . . NBCo’s lightning 

FAST SERVICE (all orders shipped within 8 hours of receipt!) 
Yes, thousands of organizations are capitalizing on the many 
advantages Nutritional Biochemicals Corp. can offer. Are you? 



















Our stock of more than 2,500 items includes * OVER 300 AMINO 
ACIDS © OVER 90 PEPTIDES © MORE THAN 200 NUCLEOPROTEINS, 
PURINES, PYRIMIDINES © MISCELLANEOUS BIOCHEMICALS © VITAMINS 
* ENZYMES-CRYSTALLINE, PURIFIED © GROWTH FACTORS © STEROID 
HORMONES ¢ BIOLOGICAL SALT MIXTURES AND TEST MATERIALS 
* CARBOHYDRATES © PURIFIED PROTEINS © FATTY ACIDS © ANTI- 
BIOTICS * ALKALOIDS © GLANDULAR SUBSTANCES 
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Volume IV—Waves and Vibrations 


397 pages Illustrated 75s. net 
In this last volume of Dr. Swainger’s treatise, the theory that “all substances deform under 
applied loads,” which was introduced in Volume I, is applied and the available experimental 
evidence is examined for the propagation of stress through, and on the surface of, various 
physical properties. 

+ 


FROM CONSULTANTS BUREAU, INC., NEW YORK 
Research on 


Novocain Therapy in Old Age 


Papers by ANNA ASLAN, M.D. and Others 


Translated from the German 
78 pages Illustrated 100s. net 


These reports by Professor Aslan and her co-workers at the C.I. Parhon Institute of Geriatrics 
in Bucharest originally appeared in Die Therapiewoche. Also included are two reports from 
the same journal by Professors C. M. Biirger and F. H. Schulz, of Leipzig, and U. Kéhler 
and E. Mampel, of Halle/Saale. 








37 ESSEX STREET, LONDON, W.C.2 



























PRECISION INSTRUMENTS 


Ss Pp ee t ro g r° ai Pp le with quarts optical system 


for Emission spectra 
Absorption measurements 
Rotary dispersion with polarimeter, in the u.v. 
and other 
spectroscopic 
investigations 







Critical definition is obtained over the 
entire range of the spectrum. Size of 
photographic plate 12 in. x3 in. A larger 
instrument can be supplied giving a 12 in. length of spectrum between 8,000A ‘and 2,100A. 


DIMENSIONS, ETC. 2 
Length of spectrum 7,000A to Bellingham & Stanley Ltd. 
Overalllength ofinstrument.” | DEPT. N, 71 HORNSEY RISE, LONDON, N.19 
Overall width ofinstrument 35 i PHONE: ARCHWAY 2270 


ce] il height of instrument. i . 
Ciigiaaa Sole distributors in U.K. for Schott Monochromatic Interference Filters 


46 cm. 
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HREE years ago, in October 1956, the Scientific 

Man-power Committee of the Advisory Council 
on Scientific Policy issued a report on scientific and 
engineering man-power in Britain, based on informa- 
tion collected from Government departments, in- 
cluding a survey carried out by the Ministry of 
Labour, with the help of the Social Survey, of all 
manufacturing establishments employing 500 workers 
or more, and on a sample of those employing between 
100 and 499. A report now issued by the same 
Committee (see p. 1982 of this issue of Nature) gives 
information about the numbers and employment of 
scientists and engineers in Great Britain at the begin- 
ning of 1959 and the changes which have occurred 
since 1956, including a review of forecasts by em- 
ployers of their demand for scientists and engineers 
by 1962. This is based on information collected by 
the Ministry of Labour and National Service in the 
first three months of 1959. No attempt is made to 
re-assess the long-term demand as forecast in the 
earlier report, but an estimate is made of the number 
of scientists and engineers who will qualify during 
the next three years, and the short-term relation 
between supply and demand is examined. Neither 
survey includes technologists with specialist quali- 
fications in branches of applied science such as 
textiles, rubber or plastics unless they are also 
qualified scientists or engineers as defined for the 
purpose of the earlier survey. As in that survey, the 
Ministry of Labour inquiry included private industry, 
nationalized industry and public corporations, central 
and local government (excluding education and the 
Armed Forces) and education. Together these em- 
ployments account for almost 90 per cent of all 
qualified scientists and engineers in Great Britain. 

At the beginning of 1959, the inquiry indicated 
that about 173,000 scientists and engineers were 
employed in Great Britain, an increase of rather more 
than one-fifth on the number employed in 1956, and 
a third of the increase for which, it was suggested, 
minimum provision should be made by 1966. About 
20,000 of these are engaged on defence work, including 
one in four on research and development in industry 
and government establishments, and there is evidence 
that the proportion engaged on defence work has 
fallen during the past three years. Between 1956 and 
1959 the number of scientists and engineers employed 
in manufacturing industry increased by about 30 per 
ceni, although industrial production was relatively 
stable. The increase occurred mostly in those indus- 
tries which have shown some increase in output 
during the period, and more particularly in the newer 
industries which have expanded rapidly since the 
War, and which employ relatively larger numbers of 
scientists and engineers. Investment during the 
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period has been high, and about two-fifths of all 
scientists and engineers in industry are employed on 
research and development work which can be expected 
to show results in the longer term. 

According to the statements of employers, there 
were immediate vacancies for about 9 per cent more 
scientists and engineers at the beginning of 1959, and 
if these vacancies had been filled the total employed 
would have approximated closely to the forecast of 
requirements the employers made in 1956. There 
were, nevertheless, wide divergencies between fore- 
cast requirements and actual recruitment in industrial 
groups, while apart from unforeseen economic and 
technological changes, some employers were not in as 
strong a position as others to compete for the qualified 
scientists and engineers they wished to recruit. While 
in the technical colleges the increase in the number 
of teachers has kept pace with the most recent 
estimates of demand, in the schools there has been a 
relatively greater increase in the number of boys and 
girls studying science than in the number of science 
teachers. In the grammar schools the continued 
increase in the number of teachers has been just 
about sufficient to maintain standards of teaching 
science, notwithstanding the increase in the number 
of those studying science in the sixth forms, but 
many schools have had to face serious difficulties. 

These figures may well be considered here in detail, 
for the educational position is the critical factor. In 
1959, some 33,650 scientists and engineers were 
teaching in universities, technical and teacher training 
colleges, and schools. Omitting a group of 1,300 
engineers in technical colleges and 370 teachers in 
independent schools, the total of 31,980 compares 
with 28,040 in 1956, and of these, 4,175 were teaching 
in the universities, 5,560 in the technical and teacher 
training colleges, and 22,245 in the schools. While, 
however, the actual increase in the technical and 
teacher training colleges was 23 per cent compared 
with 14 per cent forecast, in the universities it was 
28 per cent compared with 33 per cent forecast, and 
in the schools only 10 per cent compared with 18 per 
cent forecast, and an increase of 18 per cent in the 
number of secondary school pupils. There is evidence 
that teachers of mathematics are scarce, while the 
supply of biology teachers appears to have at least 
kept pace with demand. Nevertheless, the survey 
shows that the shortage of scientists is still most 
acute in the schools, and since the returns received 
from employers indicate no slackening at present in 
the demand for qualified scientists and engineers, the 
continuing shortage of suitably qualified teachers is 
likely to remain a matter of serious concern. 

Indeed, in secondary schools other than grammar 
schools, the growth in the number of children and 
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the efforts now being made to develop new courses 
are creating new demands so rapidly that there is 
little or no prospect in the next three years of main- 
taining even current standards, although the Man- 
power Committee considers that the position should 
improve afterwards. In grammar schools it concludes 
that the experience of the past three years is likely 
to be repeated over the next three. The Man-power 
Committee does not consider the implications of any 
change in policy directed to ensure that a larger 
proportion of school leavers have at least some 
general acquaintance with science and its methods, 
and it is left for the Advisory Council on Scientific 
Policy in its annual report, issued simultaneously 
with that of the Scientific Man-power Committee, to 
emphasize that inadequate school education in 
mathematics and the physical sciences will have 
detrimental repercussions on the efforts being made 
by the universities and technical colleges to increase 
the output of professional scientists and engineers. 

The Scientific Man-power Committee, apart from 
a word of caution as to how far the employers’ state- 
ments constitute a real basis for an estimate of future 
demand, does not attempt any appraisal of the total 
on the lines of Prof. J. Jewkes’s analysis in his 
presidential address to Section # (Economics) at the 
British Association meeting at York. The questions 
which Prof. Jewkes asked need to be kept in mind in 
considering both the forecast demand for scientists 
and engineers by 1962 and any measures proposed 
to provide a sufficient supply. As already noted, 
immediate vacancies amount to about 9 per cent 
of the 63,581 employed in private manufacturing 
industry at the beginning of 1959, and all employers 
together hope for an increase in numbers of 38,700 by 
1962, or a total increase of 22 per cent, while a further 
14,600 will be required to replace losses from retire- 
ments, deaths and migration. 

In its previous report, the Man-power Committee 
estimated that the annual flow of qualified scientists 
and engineers from the universities, professional 
institutions and technical colleges would have to 
increase from just over 10,000 in 1954-55 to about 
20,000 by 1970 to be compatible with the number 
of scientists and engineers which is thought to be 
required to sustain an acceptable rate of economic 
growth. Present forecasts suggest that the number 
of scientists and engineers qualifying for the first 
time will increase from 14,600 in 1958 to 18,500, and 
that 47,500 newly qualified scientists and engineers 
will become available for employment in Great 
Britain during the three years 1959-61. The rate of 
increase during the past three years has been higher 
than was expected in 1956, and if it continues until 
1966, the original target of 20,000 should be reached 
by the mid-1960’s. 

Nevertheless, after allowing for the replacement of 
wastage, the total numbers coming forward during 
the next three years are still likely to fall short of 
employers’ estimates of their needs, and in particular 
the shortage of mathematicians, physicists and 
chemists is likely to continue. Of the 14,600 quali- 
fying in 1958, about 5,700 were scientists and 8,900 
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engineers, and the rate of increase for engineers (from 
6,800 in 1955) has been higher than for scientists 
(5,250 in 1955). While the Advisory Council for 
Scientific Policy sees no likelihood of the universities 
and colleges of technology training too many pro. 
fessional scientists and technologists, it has reserva- 
tions as to particular categories, such as biology. 
Biologists with specialized training in such fields as 
biochemistry or physiology are unlikely to encounter 
any. difficulty in obtaining employment, but the 
average graduate in biology may well find the best 
opening in teaching, and the Advisory Council sug. 
gests that those who intend to study biology should 
be warned of the importance of supporting qualifica- 


VOL. 184 





tions in mathematics or a physical science, and also 
of possible difficulty in obtaining posts in their f 


subject unless they are outstanding or proceed to 
postgraduate training or specialization. 

The Advisory Council on Scientific Policy agrees 
with the Scientific Man-power Committee that 
experience of three years is an insufficient basis for 
detailed re-assessment of the long-term demand. 
However, the picture presented in this report shows 
a welcome trend of a higher rate of growth in 
the employment of scientists and engineers than had 
been expected, and also a higher output of trained 
men, but there is still much work to be done before 
an accurate picture can be obtained. Nor is this 
solely a matter of seeking answers to some of the 
questions which Prof. Jewkes has raised. Even if it 
is shown that industry’s estimates and forecasts are 
excessively high, and that there is considerable scope 
for economy through the more efficient use of 
scientists and technologists, that could be largely 
offset by one aspect which is not covered by the 
report, although it is clearly very much in the mind 
of the Advisory Council on Scientific Policy, namely, 
the demand from overseas for British scientists and 
technologists. 


MYTH AND RITUAL 


Myth and Ritual in the Ancient Near East 

An Archeological and Documentary Study. By 
Prof. E. O. James. Pp. 352. (London: Thames 
and Hudson, Ltd., 1958.) 35s. net. 


URING the past quarter of a century and more, 

British scholarship has played an outstanding 
part in the investigation of the problems of myth 
and ritual in the ancient Near East, as is shown 
by the successive symposia edited by S. H. Hooke, 
namely, “Myth and Ritual” (1932), ‘““The Labyrinth” 
(1935), ‘“Myth, Ritual and Kingship” (1958). To the 
third of these volumes two foreign scholars con- 
tributed, one of them a Swede, the British achieve- 
ment thus being linked with the remarkable activity 
of Scandinavian scholars in the same field. Now we 
have a wide-ranging study by a veteran student of 
religion, Prof. E. O. James, which many will welcome 
as a most helpful guide through the tangled jungle 
of ancient religious belief and practice. The author 
draws on the most recent archzological evidence— 
much of it makes very severe demands on ithe 
interpreter—from Egypt, Syria, Palestine and Meso- 
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‘potainia, and from even farther afield, from the 


Aigean, Anatolia, Persia and Western India. The 
notes and bibliography show how wide and thorough 
has been the research which lies behind this attractive 
volume. 

It is quite essential in work of this kind that careful 
attention should be given to the meaning of the terms 
used. Prof. James has much that is illuminating to 
say by way of defining the meaning of the word 
‘myth’. Properly understood, myth is, in Malinow- 


ski’s words, “‘a narrative resurrection of a primeval - 


reality’, which accompanies the ritual by which a 
body of people maintains its corporate life. It has 
thus to be distinguished from folk-tales and Mdrchen 


/and sagas which are told merely for purposes of 


entertainment, having lost their original religious 
funciion. It is claimed, however, though the distinc- 


' tion is not made very clear, that a considerable body 


of myths exists apart from any ritual setting, those 
which we can class as ztiological, where the original 
ritual connexion has been forgotten or is no longer 
operative. There are also the legends and sagas 
which embody the essential traditions of a people and 
eventually give birth to history and so are not to be 
classed as mere entertainment. In these, myth has 
not yet ceased to be functional. 

The myths which form the subject-matter of the 
main inquiry are dealt with under various heads. 
The beginnings of myth and ritual are studied with 
reference to the evidence of cave art and of the earliest 
literary sources. Then follow six chapters which 
describe and discuss the seasonal cult drama, the 
sacral kingship—a subject which has rightly occupied 
the centre of interest in scholarly inquiry in this field 
—the mother-goddess and the sacred marriage, the 
myth and ritual of creation, good and evil and the 
sacred combat, and eschatological mythology. Prof. 
James follows Frankfort in recognizing that there is 
not identity of pattern in myth and ritual over the 
whole area under survey, but pleads for a fundamental 
similarity, At the same time, he makes clear the 
distinctive use which Israel made of the ideas and 
practices which it borrowed. The reader could not do 
better than read this book in conjunction with 
“Before Philosophy” by Frankfort et al. (Pelican 
Books) and the first volume of Voegelin’s monu- 
mental ‘Order and History’. In much that is 
excellently expounded, Prof. James is especially to be 
congratulated on his elucidation of the relation that 
existed between the Memphite, the Hieropolitan and 
other Egyptian theologies. He perhaps shows more 
confidence than is justified in Ventris’s claim to have 
deciphered the Minoan script Linear B. 

I have noted a few minor errors and slips. On 
p. 62 Enoch should be Enosh. On p. 65 the date of 
the fall of Samaria should be 722 and not 586, while 
it is seareely correct to equate berith and cultus. On 
p. 66, line 6, ‘later’? should surely be ‘earlier’ (cf. 
Leviticus 23 : 23 ff. with I Kings, 12, 32-3). On p. 69 
real Hekatombaion. On p. 122 there is something 
wrong in the reference to Adonis grieving for Attis. 
On p. 125 it is odd to find Aleyan-Baal described as 
the mother of Mot. On p. 147 ‘Atum’ should surely 
be read ‘Ptah’, while on p- 271, ‘Agamemnon’ should 
be ‘Priam’. On p. 267 the third sentence (ending 


with ‘Gibeonites’) is so inaccurate that it requires 
radical revision. On pp. 272-3 there seems to be a 
coniradiction between two statements of the view 
in the Iliad regarding men’s responsibility for the 
sufferings that afflict them. 

Norman W. PorTEOUS 
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NUCLEAR TECHNOLOGY AND 
THE SCHOLARLY TRADITION 


The Physical Theory of Neutron Chain Reactors 
By Alvin M. Weinberg and Eugene P. Wigner. Pp. 
xii+801. (Chicago: University of Chicago Press ; 
London: Cambridge University Press, 1958.) 112s. 6d. 
net. 


"| ‘HE Geneva Conference in 1955 released a vast 

amount of information on nuclear technology 
and stimulated the publication of a large number of 
books and periodicals. An appreciable fraction of 
these were, understandably but effectively, catalogues 
of materials or of reactor types; facts were para- 
mount and reasons somewhat neglected. Authors 
and teachers now have, as one of their tasks, to 
select from a large and expanding body of facts those 
which demonstrate most clearly the fundamental 
aspects of the subject. For reactor technology a 
notable contribution to the organization of the 
fundamentals has been made by Weinberg and 
Wigner in this book. The preface states explicitly 
that one of their aims is to help develop a scholarly 
tradition in reactor technology and both authors 
are, of course, well equipped for the task. It is not 
surprising that Wigner, as the distinguished holder 
of a chair of theoretical physics, should embark on 
it, but we must feel grateful that Weinberg’s duties 
as director of a large national laboratory have left 
him with sufficient energy and enthusiasm to col- 
laborate. 

From the beginning it is clear that the ‘physical’ 
in the title is meant to be justified and fully one-quarter 
of the book is‘concerned with nuclear physics. 
Obviously, the authors hold the view that an un- 
critical extrapolation from known cross-section data 
is becoming more prevalent and is highly undesirable. 
To reduce this tendency they devote several chapters 
to a discussion of neutron interactions in general and 
to the fission process in particular. For the new- 
comer to nuclear physics some preliminary guidance 
in the history of nuclear models would help the 
process of assimilation, but no such help is needed 
with the chapter on fission ; it is a clear and succinct 
presentation of the main features. 

After dealing with the nuclear foundations, the 
book turns to chain reactions and to the moderation 
and diffusion of neutrons. The short chapter on 
chain reactions introduces a change in terminology 
from that normally used: ‘“‘criticality factor’? takes 
the place of “effective multiplication factor’, and a 
new term, “finite multiplication factor’ is introduced. 
The latter is concerned not with neutron leakage 
from finite systems but with the possible dependence 
of quantities such as resonance escape probability 
and thermal utilization on the size and shape of a 
reactor. This dependence is weak, but the discussion 
of it is in keeping with the rigour exhibited in many 
parts of the book. In view of this, it is a pity that 
there is a slip in the section on multiplication factors 
where these are stated to be less, instead of greater, 
than the criticality constant. 

Diffusion and transport theories for mono-energetic 
neutrons, and hence for thermal neutrons once the 
representative velocity has been selected, are pre- 
sented in two long chapters. The first shows clearly 
the assumptions involved in the use of diffusion 
theory and forms a valuable introduction to the 
study of neutrons in bulk materials. The second 
presents Boltzmann’s equation in various mathe- 
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matical forms and discusses methods of solution. 
Chapters on the energy spectrum during moderation 
and on the diffusion and thermalization of fast 
neutrons complete the first half of the book, and any 
reader well acquainted with its contents is fully 
equipped to embark on the study of reactor theory 
which follows. Here the introductory chapters are 
concerned with unreflected homogeneous systems, 
both critical and sub-critical. Non-uniform reactors 
and reflectors follow and provide an opportunity for 
the introduction of two-group analysis ; multi-group 
methods also are mentioned briefly. Up to this point 
the discussion has been concerned principally with 
the steady state, but the emphasis changes with the 
introduction of perturbation theory and with the 
treatment of reactor kinetics. The last chapter in 
the book deals with the theory of control rods but, 
before this is reached, heterogeneous reactors receive 
the thorough treatment which by this stage the 
reader is taking almost for granted. 
J. WALKER 


HETEROGENEOUS CATALYSIS 


Advances in Catalysis and Related Subjects 

Vol. 10. Edited by D. D. Eley, W. G. Frankenburg 
and V. I. Komarewsky. Pp. xvi+326. (New York: 
Academic Press, Inc. ; London: Academic Books, 
Ltd., 1958.) 11 dollars; 88s. 


HE preparation of this tenth volume of “Ad- 

vances in Catalysis’ has unhappily coincided 
with the death of two of the founding editors, W. G. 
Frankenburg and V. I. Komarewsky. Tributes to 
them appear appropriately at the beginning of the 
book. By maintaining a balance between the more 
academic and the more technical aspects of hetero- 
geneous catalysis, and by allowing occasional excur- 
sions into homogeneous and biological catalysis, the 
editors have progressively encouraged the specialist 
to broaden his horizon. Vol. 10 carries this tradition 
further and is certain to add to the wide, international 
readership which the series already enjoys. 

For the most part, the articles follow the pattern 
of earlier volumes by describing the contributions to 
knowledge of catalysis made over the years by 
individual groups, the accounts being written by one 
or more of the authorities concerned. Three of the 
seven articles (‘““The Infra-red Spectra of Adsorbed 
Molecules”, by R. P. Eischens and W. A. Pliskin, 
“The Active Surface of Cholinesterases and their 
Catalytic Action in Ester Hydrolysis’, by F. Berg- 
mann, and “Commercial Alkylation of Paraffins and 
Aromatics”, by E. K. Jones) also include sufficient 
description of related work in other laboratories to 
be classified as general reviews of the subjects 
indicated. The remaining four articles (““The Nature 
of Active Centres and the Kinetics of Catalytic 
Dehydrogenation”’, by A. A. Balandin, “The Influence 
of Crystal Face in Catalysis’, by A. T. Gwathmey 
and R. E. Cunningham, “The Reactivity of Oxide 
Surfaces”, by E. R. 8. Winter, and “The Structure 
and Activity of Metal-on-Silica Catalysts’, by G. C. A. 
Schuit and L. L. van Reijen) are comprehensive so 
far as the work of the originating laboratories is con- 


cerned, but rather selective in their coverage of 


parallel studies conducted elsewhere. 

A. A. Balandin describes both the geometric and 
energetic aspects of his multiplet theory and applies 
it to a wealth of well-documented experimental data. 
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Since most of his original papers are in Russian, this 
account in English is particularly valuable. F. Berg. 
mann gives a well-presented development of the 
present status of knowledge on the arrangement of the 
components at the cholinesterase surface and on the 
mechanism of enzymatic hydrolysis. R. P. Eischens 
and W. A. Pliskin describe their own important 
infra-red studies on metal-silica and oxide catalysts ; 
they also include, among other topics, a critique of 
the Russian work on the spectra of adsorbed hydroxy] 
radicals. A. T. Gwathmey and R. E. Cunningham 
largely confine themselves to a descriptive, but very 
well-illustrated, account of the selective reactivity of 
certain faces of copper and nickel single crystals in 
oxidation and in the presence of carbon monoxide, 
ethylene and hydrogen-oxygen mixtures. The 
article by E. K. Jones describes (with a rather un. 
necessary amount of jargon) the sulphuric and hydro. 
fluoric acid processes for the production of high- 
octane fuels and also outlines the newer developments 
in the petrochemicals field afforded by alkylation 
methods. G. C. A. Schuit and L. L. van Reijen apply 
fundamental thermodynamic and kinetic treatments 
to their thorough experimental studies of adsorption 
and catalysis on nickel — silica and other supported 
metal catalysts, and E. R. 8. Winter gives a full 
account of his valuable research on the application 
of oxygen-18 and carbon-13 isotopes in studies of 
adsorption, catalysis and oxygen exchange at oxide 
surfaces. 

The volume, which is well produced, will be indis- 
pensable to all laboratories where there is active 
research in heterogeneous catalysis. 

F. S. STonr 


THE GENUS OENOTHERA 


Taxonomy and Genetics of Oenothera 
Forty Years Study in the Cytology and Evolution of 
the Onagraceae. By R. Ruggles Gates. (Mono- 
graphiae Biologicae, Vol. 7.) Pp. 115. (The Hague: 
Dr. W. Junk, 1958.) i4 guilders. 

HE genus Oenothera has been of considerable 

importance in the history of genetics and cyto- 
logy, and Prof. Ruggles Gates has for many years 
been one of the most active students of the genus. 
His publications concerning the evening primroses 
have been numerous and it is useful to have an 
outline of the results summarized in one volume. 
Cytogenetically, species of Oenothera differ from the 
majority of plants the chromosome behaviour of 
which has been studied in that there is “pairing of 
the chromosomes at their end portions only”. Thus 
are formed ring-pairs at meiosis. In addition, the 
evolutionary conditions in the genus are further 
complicated by non-disjunction, trisomics, polyploid 
mutations, genetic complexes, balanced lethals, sclf- 
sterility factors, self-pollination, and dominant 
mutations for smaller flowers. Since catenation. 
combined with the presence of balanced lethals, 
prevents the segregation of homozygotes in ihe 
offspring of a cross, there result plants which breed 
true although highly heterozygous. 

The author has grown and studied hundreds of 
cultures of Oenothera. The resultant taxonomy, 
range, and distribution are given for a number of 
complexes, and culture variations are considered. 
The evolution of the genus is divided into two 
periods: first, the pre-Pleistocene, during which 
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differentiation of the large-flowered open-pollinated 
species such as O. hookeri, O. grandiflora and O. argili- 
cola took place by ordinary methods, the chromo- 
somes all remaining as free pairs; secondly, the 
Pleistocene and especially post-Pleistocene period, 
during which chromosome linkage took place, fol- 
lowed by the production of a great number of self- 
pollinating forms with small flowers as the genus 
spread northwards after the last retreat of the ice. 
Thus, the method of evolution appears to have 
changed radically during the evolution of the genus. 
The value given to the very numerous taxa, 
recorded by Prof. Ruggles Gates and others, in any 
taxonomic scheme can only be judged fairly by one 
who has made a special study of Oenothera and allied 
genera. Apart from the general true-breeding char- 
acter of these taxa, it is certain that many differential 
characters are involved and that some or other of 
these are shown at all stages of the life-history from 
the young seedling to the final phases of reproduction. 
[t is none too clear, however, as to how the author 
determines taxa as species, micro-species, sub-species, 
varieties, ete. It would have been interesting to have 
had from him at least working definitions of such 
categories as he uses within the genus Oenothera. 
W. B. TurRit. 
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SCIENCE AND SCEPTICISM 


The Way Things Are 

By Prof. P. W. Bridgman. Pp. xi+-333. (Cambridge, 
Mass. : Harvard University Press ; London: Oxford 
University Press, 1959.) 45s. net. 


N this remarkable compilation the author gives us 

his views, frequently unorthodox, on Marxism, 
death, integrity, psycho-analysis, taxation, freewill, 
Red Indian languages, martyrdom, sovereignty, faith, 
military service, McCarthy, the economic status of 
the teaching profession, and the illogicality of women. 
Income tax provokes Prof. Bridgman’s indignation 
as much as anything. ‘To me the thing that is 
hardest to bear is the obvious inequity of it all. I 
do not expect my neighbour to give to me of his 
goods because I need them more than he does— 
why should society compel me to give of my goods to 
society because society needs them more than I do, 
society being only all my neighbours together ? 
Every time I pay my income tax I smart under a 
sense of unfairness as keen as that of the old militant 
suffragette, denied the right to vote merely because 
of her sex. I feel exploited and discriminated against 
on the basis of superior ability and industry. It is 
hard to keep away the bitterness.” 

The thread of the book is difficult to find, to under- 
stand and to follow. Bridgman contends that there 
is an “ineptness” in our thinking in the natural 
sciences, in psychology, and in politics. This is 
characterized in three main ways: all observations 
affect. their subject-matter, no system can fully 
account for itself (Gédel’s theorem is mentioned 
here), and all knowledge is private to the perceiver. 

We cannot, laments Bridgman, ‘“‘get away from 
ourselves”. Even mathematical proof, he says, is a 
personal matter which cannot be communicated, and 
so mathematics is even less ‘‘objective” than chemis- 
try or physics. If this is so, it is difficult to see how 
mathematics can be taught. Bridgman’s difficulties 
over subjectivism and solipsism appear to rest on a 
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confusion between the acquisition of knowledge, 
which is a personal matter in the sense that a particu- 
lar individual must make the observation, conduct 
the experiment or find the proof, and what it is that 
is found out, which may be as “‘objective”’ or “‘public”’ 


as you please. Some of Bridgman’s discussions of 
concepts in the natural sciences, such as ‘“‘particle’”’ 
or “probability” are interesting and helpful; but 
there is an ineradicable crankiness about the book 
which, in view of the distinction of both the author 
and the publisher, is as surprising as it is regrettable. 
C. K. Grant 


THE UNIVERSITY OF LEICESTER 


New University 
By Prof. Jack Simmons. Pp. 
(Leicester: The University Press, 1958.) 
net. 

ROF. SIMMONS has made an admirable contri- 

bution to the growing library of books about the 
origins of modern universities. His first chapter is a 
neat and concise account of the widespread move- 
ment which has multiplied the undergraduate popula- 
tion in England by nearly fifty in less than 150 
years. Against that background he tells with 
sympathy and candour the story of the University of 
Leicester. 

It was fitting that Leicester should become a 
university town, for it is ancient, prosperous, trim 
and clean; and by the beginning of the twentieth 
century there existed in it strands of educational life 
waiting to be brought together in a university 
pattern. But it had rivals not far distant, and it 
needed ‘“‘the liberality, the determination and the 
toughness”’ of a small group of men to set the pattern 
and weave the fabric. 

The usual stages are recorded: Press correspond- 
ence, a local committee, outside advice, and the 
dramatic acquisition of a building. Then came 
squalls: the questions of ‘federation’ with Notting- 
ham, of the local nature of the projected University 
Coilege, of delay in the appointment of a principal. 
But on October 4, 1921, the College opened its doors 
to nine students and a staff of four. 

In the following year it ‘“‘made its formal bow to 
the public” and began to face the problems of 
adolescence. It had no smooth path, financial or 
academic, during the next fifteen years, and there 
was discontent, both within it and about it. But 
progress was made, until in 1945 the University 
Grants Committee recognized it for assistance from 
the Exchequer. 

This was in effect a second start, and by 1950 the 
University College had more than 700 students with 
ten professors and an energetic principal. Building 
extensions and academic developments of consider- 
able enterprise paved the way for independence ; and 
in 1957 the charter of the University was granted. 

So the last of the ‘old university colleges’ attained 
adulthood, and joined the ancient and distinguished 
band of institutions which grant their own degrees in 
full academic independence. Each of the members 
of this band has its own distinctive flavour. Prof. 
Simmons has put us all in his debt by his modest 
and fascinating chronicle of the advances and set- 
backs, the struggles and the victories of this stur | 
new member of the university family. 

J. F. WoLFENDEN 


233+16 plates. 
12s. 6d. 


1976 


Maladies of Hevea in Malaya 
By Roger N. Hilton. With watercolours by Hoh 


Choo Chuan. Pp. 101. (Kuala Lumpur: Rubber 
Research Institute of Malaya, 1959.) 30 Malayan 
dollars. 


HE reviewer feels he should make it clear at the 

outset that his acquaintance with Hevea brasili- 
ensis as a plantation tree is limited to Trinidad, where 
the climate is not wholly suited to it and where 
it is accordingly little grown. He has therefore no 
personal experience of the diseases as such, though 
many of the fungi figured are familiar in other con- 
texts. With these limitations he feels it difficult to 
criticize Mr. Hilton’s text. Mr. Hoh Choo Chuan’s 
watercolours are outstanding no less for their beauty 
than for their extraordinary faithfulness and precision 
while their reproduction is of the highest quality. 
Anyone who has tried to record white hyphe and 
mycelial strands straying over living leaves will 
appreciate the skill displayed in, for example, the 
plates of thread blight and powdery mildew. 

Only diseases and injuries to Hevea already known 
in Malaya are figured. These include fasciation, leaf 
malformation, genetic yellows, chlorosis, oil spot, leaf 
rim blight, sun scorch, heat scorch, lightning damage, 
fire damage, symptoms of herbicide poisoning, 
waterlogging and drought, brown bast, fissures of the 
tapping panel and bark burrs as well as troubles 
associated with fungi and with Loranthus spp. Each 
plate is accompanied by a page of text on which 
information regardiig the disease is summarized 
under the headings: symptoms, cause, other hosts 
and spread (where a pathogen is involved), prevention 
and treatment. The diseases are arranged under the 
following headings: those affecting the whole plant, 
the roots, the stem and branches, the tapping panel, 
leaves of young plants and leaves of mature plants. 
The point of view is severely practical throughout and 
the work should prove a valuable handbook to the 
rubber planter in the eastern tropics. 

R. W. G. DENNIS 


Theory of Beams 

The Application of the Laplace Transformation 
Methods to Engineering Problems. By T. Iwinski. 
Translated from the Polish by E. P. Bernat. Pp. 85. 
(London and New York: Pergamon Press, 1958. ) 
21s. net. 


ROM the point of view of the structural engineer 

with mathematical inclinations this is an inter- 
esting little book and it is likely to be stimulating to 
advanced students. The solution of beam problems 
in practice has, however, long since been reduced to 
the judicious use of tabulated information and most 
problems can be dealt with rapidly in this way. 

It is stated that this monograph is the first part 
of a major project on the application of the Laplace 
transformation method to problems in the theory of 
structures. Solution of the differential equation of 
uniform beams with linear elasticity and uniform 
loading by means of the Laplace transformation is 
demonstrated followed by generalization to include 
the effects of concentrated forces and couples. It is 
shown that the solution always consists of two 
parts: one part depends upon the support or 


boundary conditions while the other depends upon 
the system of loading. By taking account of this 
feature it is shown that the problem of determining 
the deflected form of a beam can be transformed 
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from the solution of a differential equation to the 
solution of simultaneous algebraic equations. Finally, 
the solution of the differential equation of beam: 
with variable flexural rigidity and subjected to general 
conditions of loading is considered. 

T. M. CHARLTON 


Potassium Symposium 1957 

Sixteen Papers read at the Fourth Congress of the 
International Potash Institute, Vienna, 1957. Pp. 
420+4 plates. (Berne: International Potash Insti- 
tute, 1959.) np. 


HE report published by the International Potash 

Institute as an outcome of its congresses, held 
annually from 1953 to 1956, covered many aspects of 
broad and general interest, potassium being considered 
from the aspect of agricultural chemistry throughout 
the various phases of the plant-soil system. ‘The 
theme of the last congress is more particularized 
and the main interest is in a varied assortment of 
species in close association, especially herbage plants. 
The part played by potassium in the growth of 
herbage plants, legumes and grasses, is a complicated 
matter since numerous factors are involved. The 
importance of grassland in agriculture justifies such 
a restricted interest and the papers cover some 
important aspects of it. One of the topics was the 
influence of potassium fertilizers on animal produc- 
tion from pasture, another on their influence on the 
cultivation of irrigated prairies in Italy, and others 
on their application under widely differing external 
conditions of moisture and temperature. These 
titles indicate the general field of interest in the 
congress. The paper on the production of animals 
and pasture grazing led to a lively discussion on grass 
tetany. 

This volume, it will be seen, is mainly of agronomic 
interest and in its field it provides information of real 
value. The papers are in English, French, German 
and Italian, in some cases full translations being 
provided, and in most cases summaries in English, 
German, French and Italian. It is lavishly produced 
on thick glossy paper and has illustrations, some in 
colour, with an author index and subject indexes in 
English, German, French and Italian. 


The Cellular Slime Molds 

By Prof. John Tyler Bonner. (Investigations in the 
Biological Sciences, No. 1.) Pp. viii+150+8 plates. 
(Princeton, N.J.: Princeton University Press; 
London: Oxford University Press, 1959.) 32s. net 


RECEDED by a brief review of the Mycetozoa, 

this account of the Acrasiales, taking in all 
published work up to 1959, is divided into three 
sections corresponding to the biology, morphogenesis 
and genetics of this group. Although many of the 
facts and concepts are already available in review 
form, this new synthesis should be useful to those 
who have to lecture on these topics and to those want- 
ing a source book on developmental problems in 
relatively simple organisms. Described on the cover 
as a monograph, the book lacks the objectivity and 
balance that is looked for in this form of writing, 
particularly in respect of the varying emphasis given 
to different aspects of our knowledge, and in the 
conjectural nature of much of the discussion. It is 
towards the end of the book (p. 133) that the author 
realizes ‘‘such speculation soon becomes hollow and 
unrewarding’’. D. Park 
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Land and Water Bugs of the British Isles 
By Dr. T. R. E. Southwood and Dennis Leston. 
Pp. xi+436+63 plates. (London and New 
York : Frederick Warne and Co., Ltd., 1959.) 30s. 


net. 


“HIS book, the first published since 1892 to key 
‘| all the British species of Hemiptera-Heteroptera, 
should be valuable both to the person who wishes to 
recognize and learn something about the occasional 
bug that crosses his path and to the student of the 
group. The former will find the generally accurate 
coloured plates and black-and-white drawings will 
hel) him to recognize many of the species, while 
most of the keys are practical and not difficult to use. 
Perhaps one exception is the key to the subfamilies 
of the Miridae (here the authors have my sympathy), 
which might be accompanied by a warning that the 
arolia and pseudo-arolia are not readily visible on 
carded specimens; also the term ‘collar’ is not 
accurately defined. Some of the keys, too, might 
have more references, including pagination, to the 
text figures. The keys and illustrations are usually 
sufficient for easy recognition: the book gives no 
further description of the adult insect. 

Technical terms are generally used but are very well 
defined in the glossary. Another useful feature is a 
list of plants in alphabetical order with references to 
the bugs usually associated with each. There are 
also practical notes on collection, preservation and 
study. 

The specialist will find this book a valuable and 
up-to-date compilation of details of the biology and 
distribution of the species, amply substantiated by 
numerous references. The diploid chromosome 
complement is given, when known. Confusion may 


sometimes be caused by the complete absence of 


synonyms in this book, a few of the new names 
being unfamiliar to many collectors. 
W. J. LE QUESNE 


British Parasitic Fungi 

A Host-Parasite Index and a Guide to British Litera- 
ture on the Fungus Diseases of Cultivated Plants. 
By W. C. Moore. Pp. xvi+430. (Cambridge: At 
the University Press, 1959.) 45s. net. 


HEREVER crops are grown the study and 
control of fungus diseases is of major impor- 
tance. This is reflected in the vast and scattered 
literature relating to diseases of economic plants. 
Every time the plant pathologist finds a disease which 
is new to him he is faced with a time-consuming 
search through this literature, much of which may 
not be readily accessible. This task will be greatly 
lightened for the British plant pathologist by the 
publication of Mr. Moore’s book. The book is in two 
sections: the first giving lists of recorded parasitic 
fungi, together with some actinomycetes, for every 
plant of any economic importance grown in Britain. 
The second section lists the parasites alphabetically 
and for each gives the correct name and original 
reference, well-known synonyms and the common 
name(s) of the disease(s) caused. For the more 
important diseases useful data relating to incidence 
an history and a list of the more important papers 
deiling with the various aspects of the disease are 
also given. 
Mr. Moore brings to the compilation of this book an 
unrivalled knowledge and practical experience of 
diseases of economic plants in Britain, and the book 
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will be an indispensable and authoritative work of 
reference for all mycologists and plant pathologists. 
It is well arranged and clearly printed, so that any 
desired item can be turned up at once. It will 
assuredly save many hours in the identification of 
plant diseases and the tracking down of the relevant 
literature. Litian E. HAWKER 


Rivers and Man 

By Dr. Robert Brittain. Pp. 288+13 plates. 
(London and New York: Longmans, Green and Co., 
Ltd., 1959.) 21s. net. 


HE changing relationship between rivers and 

men through time is a fascinating topic and well 
worthy of the attention of the wide audience aimed 
at by this book. The writing is, to say the least, 
enthusiastic. The canvas used is a broad one and the 
picture has been executed in glaring colours. The 
technically qualified will cringe many times as 
over-generalization follows over-generalization. The 
book as a whole raises the perpetual problem as to 
how science may be popularized without sacrificing 
the truth. The first chapter on the making of the 
world consists of a large number of undigested snip- 
pets of geological fact and fiction. In dealing with 
archeological matters in the remaining ten chapters 
the author is more, in fact, much too plausible and 
uncritical. The impression gained is that archeology 
has no problems, that no one was ever in any doubt 
as to the meaning of evidence. Is this the kind of 
image of itself that science wishes to project? I 
think not. E. H. Brown 


Détecteurs de‘ Particules (Compteurs et Scin- 


tillateurs) 
Mécanisme et Réalisation. Par Daniel Blanc. 
Pp. v+324. (Paris: Masson et Cie, 1959.) 3,900 
francs. 


HE progress of experimental nuclear physics 

has been very dependent on the development of 
new experimental apparatus at the appropriate time. 
In the case of detectors for nuclear particles, the new 
devite is frequently in common use in the research 
laboratory long before the detailed mechanism of the 
detector is fully understood. The book under review 
was intended to collect together for the French- 
speaking physicist our present knowledge of detectors. 
Its completeness, therefore, makes it rather useful. 
Although more complete treatises on particular 
detector types exist in English, no recent one includes 
all types as this book does. Moreover, a useful 
balance is struck by M. Blanc between the theories of 
detection mechanisms and the recipes for making 
workable devices. 

Rather more than half the book is devoted to ion- 
chambers, including a fairly complete discussion of 
the Geiger—Miiller counter. Most of the remainder 
is devoted to scintillation counters of all kinds, 
including a useful discussion of photo-multiplier 
types. Chapters on spark counters and crystal 
counters are also included. Unfortunately, the latter 
does not include semiconductor-junction counters. 
Over the past year these have proved to be an exciting 
new development of the greatest importance. Aside 
from this omission references are given very fully up 
to June 1958. The greater part of this volume should 
not go out of dat» too fast and will prove to be an 
invaluable handbook especially for the graduate 
student in nuclear physics. E. B. Pavn 








HE necessity for reconciling the highly developed 

structural organization of muscle with existing 
concepts of ionic accumulation, and the nature of the 
bioelectric potential, has been stressed in several 
recent papers'-‘. The idea of the cell as a simple 
osmometer, in which a moderately distensible mem- 
brane separates two more or less equally randomized 
aqueous phases, would seem inadequate in the light 
of our knowledge of the detailed morphology of the 
system5,*, It is well recognized’ that there is a gap 
between our knowledge of the ultra-structure of the 
system and the physiological function, and it would 
seem that an attempt to integrate the information 
obtainable from divergent fields of study should be 
fruitful. 

A notable advance of this nature has been made 

by Porter and Pallade*, who have suggested that the 
sarcoplasmic reticulum may be concerned in the 
intracellular transmission of the action potential, and 
thus provide the morphological link between con- 
duction and contraction. This hypothesis was based 
on their own observations of the fine structure of 
the reticulum, and on the work of Huxloy and 
Taylor*.’.*. These latter authors were able to demon- 
strate that the local depolarization of the membrane 
by means of a micro-pipette led to contraction of 
the adjacent myofibril only if the pipette was placed 
opposite the J-band. 
A full discussion of the function of the ‘endo- 
membranes’ of the cell has been given by Ruska et 
al.2, both from the point of view of the intracellular 
transmission of the membrane potential, and as 
phase boundaries which separate ‘the various com- 
partments of the cell. These authors also list the 
relevant bibliography. 

Ruska et al. have been concerned chiefly with the 
electrical inhomogeneities of the system. They have 
inferred an ionic inhomogeneity chiefly from the 
electrical evidence. It would seem, however, that 
evidence for intense ionic gradients within the cell 
can be deduced from other observations, and can 
therefore be considered to support the electrical 
findings. 


The Three-phase Theory 


Work carried out in this laboratory has led to the 
formulation of a three-phase theory to account for 
the ionic discrimination shown by muscle. _ The 
evidence for this theory has been detailed in several 
publications*.4,°, and it will suffice here to note the 
main points whereby this model differs from the 
classical concept of a membrane-mediated dis- 
crimination. The three phases postulated are the 
extracellular phase, the free intracellular phase and 
the ordered phase. It is assumed that those ions 
which are accumulated by the cell are adsorbed by 
the ultra-structure of the ordered phase, which is 
envisaged as a highly ordered macromolecular gel 
extending throughout the greater part of the cell. 
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IONIC PARTITION AND FINE STRUCTURE IN MUSCLE 
By Dr. SHIRLEY E. SIMON 


Department of Pharmacology, University of Melbourne 


Other ions of the external medium will be excluded 
from this region of the cell and will be confined to 
the free intracellular phase. This exclusion of certain 
ions from the greater part of the cell will result in 
an apparent concentration gradient for these ions 
across the cell membrane. It has been a prime thesis 
that these ‘free intracellular phase’ ions should be in 
a diffusion equilibrium with the external environ. 
ment; that is, the maintenance of the apparent 
concentration gradient across the cell membrane 
results from their partial or complete exclusion from 
the ordered phase, rather than from the active 
extrusion of the ions by a pump mechanism. It is 
clear that such a system obviates the necessity for 
the continuous feeding in of metabolically derived 
energy in order to maintain the cell in the resting 
condition. 


Evidence for the Three-phase Theory 


We have studied the partition of a large number of 
ions across the membrane, and find that they may 
be roughly divided into two groups: those which 
are accumulated in the ordered phase, and those 
which are at least partially excluded from it. The 
accumulated ions are potassium, magnesium, calcium 
and inorganic phosphate. Rubidium and cesium 
may to some extent substitute for potassium. Sodium 
and chloride are considered to be largely excluded. 
Lithium has been found to behave similarly to 
sodium ; and bromide, iodide and sulphate ions may 
be regarded as chloride substitutes. 

The distribution of these ions has been studied 
both at the steady state and with kinetic methods. 
The results obtained at the steady state have enabled 
an estimate to be made of the amount of muscle 
water available in the ion in question, and have also 
shown the effect of the ion on the normal ionic con- 
stituents of the cell. The kinetic experiments have 
enabled us to estimate the rate of movement of the 
ions into and out of the cell and to determine the 
effect of changes in environment on these rates?*,!°. 

The information obtained at the steady state 
indicates that, as a first approximation, the same 
amount of muscle water is available to chlori<e, 
iodide, bromide and sulphate ion‘°, The value 
found for the lithium space is less than for sodium 
after soaking for 4 hr., and resembles the anion space. 
It was found, however‘, that the lithium space tended 
to increase with increased time of soaking in the 
lithium Ringer solution, until at 18 hr. it equalled 
and occasionally exceeded the sodium space. This 
was cited as provisional evidence for the binding of 
part of the cellular sodium. Some type of competition 
between sodium and lithium for the binding site was 
envisaged. 

We have shown previously* that when a muscle is 
equilibrated in normal Ringer solution and then 
transferred to a solution in which half the sodium 
chloride is replaced with sucrose, there is a net move- 
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ment of sodium chloride out of the cell against the 


concentration gradient. This net movement of 
sodium chloride is not accompanied by any move- 
ment of potassium, nor is it dependent upon the 
presence of potassium in the external medium. These 
experiments were repeated with Ringer solution in 
which all the chloride was substituted with iodide or 
bromide, and an analogous outward movement of 
these ions was demonstrated. When, however, this 
experiment was repeated with lithium, we were 
unable to show a significant decrease in intracellular 
lithium when the muscles were transferred to a lower 
level of external lithium. This and kinetic evidence 
(Fig. 1} led us to believe that lithium is bound in the 
cell in a similar fashion, but to a greater extent, than 
sodium. The failure of lithium to leave the cell in 
this experiment would then result from the shape of 
the adsorption isotherm. 

It is considered that this adsorption takes place in 
the free intracellular phase’, and we must therefore 
revise our original postulate that ions in this phase 
are in a diffusion equilibrium with the external 
medium. This would appear to be true for the anions 
we have studied; but it would seem that there is 
some cation-binding in this phase. 

The discussion has so far been restricted to the 
partition of ‘excluded’ ions between the cell and the 
external medium. If it is assumed that ions which 
are accumulated in the ordered phase are in such a 
condition that the adsorption sites approach satura- 
tion, then increases in the external level of the ion 
in question should result only in increases in the 
level of the free phase of the ion. Consequently, the 
ratio of external level to increase in internal level 
should approximate the ratio out/in for an excluded 
ion. It may be seen from Table 1 that such an 
approximation does hold true. 


COMPARISON OF THE RATIO OF EXTERNAL CONCENTRATION 
TO INTERNAL CONCENTRATION FOR VARIOUS IONS 


Excluded Ions Accumulated Ions 


Ration out/increase 
in internal level 
23 


Table 1. 


Ratio out/in 


Sodium 4°5 Calcium 

Lithium 6-7 Magnesium 6:7 
Chloride 5-4 Phosphate 3°6 
Iodide 74 

Sulphate 7°1 


Each figure is the mean of 12-40 observations. The muscles used 
were the sartorius muscle of the toad Bufo marinus, which were 
immersed in the appropriate solution for 4 hr. 


Definition of Phases 


The extracellular phase has been definec. as that 
amount of the muscle water which is available for 
the free diffusion of inulin or albumin labelled with 
iodide-131 (ref. 11), and is presumed to coincide 
morphologically with the region outside the cell 
membrane. 

The free intracellular phase has been defined as an 
intracellular region intermediate in order between 
the extracellular phase and the ordered phase. It 
may be regarded as an intracellular extension of the 
external phase, but we have never envisaged it as 
merely an annular region beneath the cell mem- 
brane’,4, It would seem probable that we can identify 
this phase with the sarcoplasmic reticulum’. This 
complex tridimensional lattice is a membrane system 
separating two distinct intracellular phases, which is 
continuous both with the plasma membrane and the 
peri-nuclear cysterne. The electron microscope has 
revealed no fine structure within the tubules of the 
reticulum, but the limiting membrane seems to be 
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Fig. 1. Efflux of various ions from muscle. Ali muscles were 
loaded in the appropriate solutions for 18 hr., then effluxed into 
Ringer solution. The amount of the ion remaining in the muscle 
has been plotted as a percentage of that originally present. 
Lithium and rubidium were estimated photometrically. The 
effluxes of sodium, sulphate and iodide were followed with isotopes 


similar in thickness to the plasma membrane. This 
phase appears to have a lower concentration of 
protein than the surrounding cytoplasm?*, and it is 
likely that this region is more randomized than the 
matrix. 

The ordered phase is defined as that part of the 
cell which by virtue of its ordered macromolecular 
structure is able either to accumulate or exclude the 
ions of the external environment. This region is 
likely to be morphologically heterogeneous, and will 
include the contractile mechanism, mitochondria, 
nuclei, ete. 


Intracellular Active Transport 


From the point of view of the three-phase theory, 
it might be supposed that the limiting membrane of 
the sarcoplasmic reticulum could actively transport 
ions in the same way as has been postulated for the 
plasma membrane. Thus this membrane, which is 
presumed to be located at the boundary of the free 
and ordered phases, could constitute not only an 
inner barrier to diffusion but could also play a part 
in ionic discrimination. It has been suggested, in 
fact?#, that parts of the plasma membrane may 
migrate into the cell to participate in the formation 
of the endoplasmic reticulum, and the reticular 
membrane could therefore be expected to have 
permeability properties similar to those of the plasma 
membrane. It has been calculated that the surface 
ratio of plasma membrane to reticular membrane in 
muscle fibres is at least four times greater for the 
reticular membrane*. One must therefore suppose it 
to be highly impermeable to the ions bathing either 
face, or the work of active transport necessary to 
separate the ions would be enormous. 

The most serious criticism that can be levelled at: 
the active transport theory must remain that it 
places great demands on the energy-producing 
systems of the cell. If it could be shown that the 
energy required to transport the various ions exceeded 
that obtainable from resting metabolism, then this 
would constitute a definite refutation. There have 
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been numerous attempts to compute the energy 
requirements of the sodium pump, and almost as 
many different estimates have been obtained?*. 

To date, no author has succeeded in comparing 
with sufficient accuracy the rate of movement of the 
transported ion with the amount of substrate con- 
sumed at the same time™,’5. A further difficulty 
resides in the fact that one may question the validity 
of the computations which have led to estimates of 
the rate of movement of the ions across the cell 
membranes. 


Analysis of Kinetic Data 


It has generally been assumed that the membrane 
constitutes the principal rate-limiting step to the 
efflux of labelled ions from the cell, and that move- 
ment through the cytoplasm may be regarded as fast 
compared with movement across the membrane. 
Thus the system is considered to be effectively 
stirred, and one would expect to obtain an efflux 
curve which could be divided into an intra- and 
extra-cellular portion on the basis of a double 
exponential loss. The postulate of a uniform intra- 
cellular ionic distribution would appear to be un- 
justified in most cells, and Wilde?® has called for a 
more realistic approach. Shanes!’ has mentioned the 
possibility of sequestering of ions in the organelles, 
and Harris'* has attempted to analyse his kinetic data 
as a function of diffusion through a cylinder with a 
resistive coating. One still, however, finds the belief!* 
that the trans-membrane step can be expressed as a 
single exponential function. 

Experiments which have been carried out in this 
laboratory have shown that the movement of various 
ions Out of the cell may yield efflux curves of widely 
differing form (Fig. 1). It would seem unlikely that 
these vastly differing curves could arise from a 
similar mechanism of transport across the membrane. 
It may be noted that lithium and rubidium show 
similarly shaped eftluxes. Since lithium is considered 
an ‘excluded’ ion, and rubidium is an ‘accumulated’ 
ion, the effluxes cannot be divided into two groups, 
on the basis of whether their exit or entry is the 
active or energy-requiring movement. 

In all these effluxes we have been concerned with 
estimating that proportion of the efflux which is due 
to extracellular material, and what may be cou- 
sidered to be unequivocally intracellular. The only 
curves in Fig. 1 which approximate to the double 
exponential loss expected from the membrane theory 
are the lithium and rubidium effluxes. Since these 
ions can be followed in their movement out of the 
cell photometrically, it was possible to estimate the 
extracellular space with albumin labelled with 
iodide-131 in the same muscle!!. The amount of 
lithium or rubidium in the fast fraction of the efflux 
was determined by the straight-line extrapolation of 
the slow fraction back to the concentration axis, and 
the subtraction of this quantity from the total. The 
‘apparent’ extracellular space for the ion was cal- 
culated by dividing this quantity by the external 
concentration of the ien, and this space was compared 
with the albumin space in the same muscle. The 
extracellular space calculated from the efflux curve 
exceeded in every instance the albumin space. The 
fast fraction of the lithium efflux gave an apparent 
extracellular space which was approximately 50 per 
cent greater than the albumin space, but there was 
no correlation between the two quantities. The 
amount of rubidium in the fast fraction of the efflux 


NATURE 


December 26, 1959 


VOL. 184 


was also too great to be considered purely extra. 
cellular. The apparent extracellular space for 
rubidium calculated from the efflux observations 
could be linearly related to the total rubidium-leve] 
of the muscle, and the correlation was significant at 
the 0-1 per cent level. 

From information such as this, it has been pos. 
tulated that there is a fast- and a slow-moving 
intracellular fraction of these ions, and consequently 
the main rate-limiting step cannot be considered to 
be operative at the membrane. In the case of 
rubidium, it would seem likely that there is an 
equilibrium between the amount of material in the 
two intracellular fractions. 

The efflux curves obtained with iodide and sulphate 
ions differ from the rubidium and lithium curves in 
that there is no well-defined rate-limiting step, and 
the efflux must be considered to be governed by 
diffusion rather than a membrane. The amount of 
intracellular material in these effluxes was determined 
by following the loss of the tracer from the muscle 
until the amount remaining approached background, 
and then transferring the tissue to albumin labelled 
with jodide-131. It was found in each instance that 
approximately one-third of the activity lost from the 
muscle as inorganic iodide-131 or sulphate-35 was 
intracellular in origin. Inspection of Fig. 1 will show 
that the movement of these ions across the membrane 
must consequently be very fast. Harris?® has also 
noted that chloride crosses the membrane with great 
facility. 

The efflux of sodium from the cell can be described 
as being composed of three major exponential terms. 
It would appear essential that the efflux be followed 
for long enough for these terms to be fully revealed. 
It will be obvious from Fig. 1 that effluxes which are 
terminated after 40-120 min. may be described as 
the sum of two exponentials, which cannot be related 
with likelihood of success to any cellular com- 
partment. Further, failure to take into account the 
later fraction will alter the rate constants of the 
early components‘. 

An attempt was made to establish which (if any) 
of the three exponential terms of the sodium efflux 
could be equated with extracellular material. This 
was done by comparing the amount of material in 
the various components with the extracellular space 
as determined with inulin in the companion muscle". 
It would seem that, as a first approximation, the 
fastest of the three terms could be due to extra- 
cellularly derived material. Thus, amphibian muscle 
must be considered to contain a fast- and a slow- 
moving intracellular fraction of sodium, as well as of 
rubidium and lithium. 

It follows from this discussion that : (a) movement 
of ions across the membrane appears to be more rapid 
than was previously thought likely ; (6) since the 
principal rate-limiting step is not operative at the 
membrane there may be considerable difficulty in 
determining the time constant of the energy-requiring 
step. Thus on our present information attempts t0 
equate the energy-requirements of active transport 
with the resting metabolism would seem to be 
hazardous. 


Kinetic Evidence for Intracellular Compartments 


In any discussion of the structural organization of 
the living cell, one must bear in mind the extreme 
lability of the system being studied. It is well 
recognized that all histological procedures will give @ 
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static picture of a dynamic situation, even allowing 
for the minimum amount of distortion in the pre- 
parative procedures. It is perhaps not so obvious 
that kinetic studies may be equally misleading. It is 
a simple matter to obtain the rate constants of the 
yarious components for any efflux curve which may 
reasonably be described as the sum of two or three 
exponentials. One becomes less confident when 
attempting, to identify the amounts of material in 
any component with the morphological compart- 
ments of the cell. As was mentioned above, this type 
of analysis assumes that the material in the various 
compartments is effectively stirred, or that move- 
ment through the compartment is fast compared 
with the rate of transfer across the limiting membrane. 

jerman and Schoenfeld*! have discussed the 
validity of the ‘compartmental approach’, and stress 
that a compartment must be considered an average 
rather than an exact state. Any experimental system 
must be considered as a closed box ; we do not know 
what is in the box; but it must preserve a certain 
input-output relation for the type of experiment 
performed. If this relation is such that it can be 
analysed mathematically as the sum of n distinct 
compartments, then it can be defined as such ; but 
this definition need not correspond to the true con- 
figuration of the system. 

Thus, with available techniques, much of our dis- 
cussion of the localization of intracellular functions 
must be speculative. Information derived from 
kinetie studies alone will not suffice for us to decide 
whether intracellular sodium is indeed located in the 
sarcoplasmic reticulum. 
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Physico-Chemical Considerations 


rhe postulate of a three-compartment system for 
muscle has been based on evidence derived from a 
study of the distribution of a number of inorganic 
ions between the external medium and the cell. No 
attempt has been made to describe the mechanism 
whereby the ordered phase can accumulate or exclude 
the various ionic species. It is possible that our 
knowledge of complex ion-protein systems is still 
too tentative to permit of an understanding of the 
process of ionic discrimination. There are, however, 
certain physico-chemical considerations which must 
apply at the cellular level, whether we are concerned 
with the membrane-based discrimination or a cyto- 
plasmie discrimination. 

Ling*® has made an attempt to relate ionic differ- 
entiation to fundamental concepts, and has been 
criticized because his theories appear incomplete. 
Conway!® has referred to the theoretical fallacy in 
Ling’s central idea, which in his opinion lies in Ling’s 
assumption that th hydrated potassium, because of 
its smaller size, can"enter farther than the hydrated 
sodium into a zone of reduced dielectric constant 
around the fixed anionic site. It would appear that 
beth these authors have used an over-simplified 
approach to the problem of cation — macromolecular 
interactions, and in particular it should be pointed 
out that the degree of hydration of a cation varies 
with the dielectric constant of the medium. The 
fixation of cations on the ionized groups of water- 
soluble macromolecules has been discussed in a com- 
prchensive treatise by Bungenberg de Jong**. The 
relative affinity of any cation and the fixed anionic 
site must depend upon the valency, radius and 
polarizing power of the cation, and on the polariz- 
ability of the negatively charged group of the colloid. 
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Since the phenomenon of cation fixation occurs in an 
aqueous medium, the polarizability of the water 
itself must play a part. Whether the polarizability of 
the fixed group is more or less than water is of great 
importance in determining the affinity of the cation 
for the site. The characteristically opposite behaviour 
of phosphate and sulphate colloids in cation fixation 
can be explained from the different polarizabilities of 
the ionized groups, phosphate being more strongly 
polarizable and sulphate less polarizable than water. 
This will result in an affinity order for cation fixation 
by sulphate colloids of potassium > sodium > 
lithium, whereas in phosphate colloids this order 
will be reversed: lithium > sodium > potassium. 

In this respect it is of interest to note that 
Kirschner** has demonstrated sodium-binding by 
phospholipides from pig erythrocytes. 

At least one of the complicating factors in trans- 
ferring this type of colloid chemistry to living 
systems would be that the polarizability of the fixed 
anionic groups would be altered by adjacent polar 
groups in the macromolecule, which could be expected 
to undergo change at different times in the metabolic 
cycle. 

Ultra-structure studies have indicated the presence 
in the cell of an ordered array of macromolecules*. 
It would seem that a necessary concomitant of such 
a definite molecular pattern must be that the cell 
contains a differential distribution of inorganic ions. 

In considering the nature of the interaction between 
sodium and potassium and the binding site, whether 
the site be considered cytoplasmic or a membrane 
carrier, most authors have considered the hydrated 
radius to be the operative dimension?*.”*,27, An 
exception is provided by Solomon*’, who was able 
to relate his results for the movement of monovalent 
cations into the red blood cell better with the naked 
than with the hydrated radius. 

However, the degree of hydration of the cation is 
merely a reflexion of its polarizing characteristics. If 
the ion finds itself in the vicinity of a group which 
is considerably more polarizable than water, for 
example, the phosphate group of lecithin, it will shed 
its water of hydration because a much larger polar- 
ization energy is set free on the attachment of the 
anhydrous ion to the phosphate group. From con- 
siderations such as these, Bungenberg de Jong?* has 
suggested that all variants of the type colloid anion + 
micro-cation involve this very close approach between 
the charged groups. However, these direct contacts 
are not to be thought of as static, and therefore 
permanent. They will be dynamic and of short 
duration, so that over a period of time the contact 
will be broken, and fresh contacts made. 

It is clear from this discussion that even in the 
absence of the biological turnover of a binding site 
due to metabolic breakdown and re-synthesis, one 
could expect a considerable exchange between (say) 
bound potassium and potassium-42 added to the 
external environment. 


Complex Coacervation in Biological Systems 


A phase separation may occur when two oppositely 
charged polymers are mixed together. The resulting 
system has been termed a coacervate, from the Latin 
acervus, a heap. The two-phase system will consist 
of one phase which contains the greater amount of 
the two polymers, and another which contains a 
small amount of one or both of the polymers, and a 
large amount of the dispersion medium. If the 
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system also contains an appreciable amount of micro- 
ions, these will be distributed between the two 
phases in a manner characteristic for the system 
under consideration. 

Overbeek and Voorn*® have emphasized the im- 
portance of this type of concept in our approach to 
the physical chemistry of cytoplasm, and Troshin*? 
has based his theory of ionic discrimination on this 
type of consideration. The coacervates as described 
by the Dutch workers behave as regards their vis- 
cosity like Newtonian liquids. Thus, the association 
of macromolecules in the coacervate may be regarded 
as dynamic, there being both intra- and _inter- 
molecular points of contact of the statistically 
kinked macromolecules. 

One should differentiate sharply between the type 
of coacervate obtained by the association of a linear 
polymer, and the colloid-rich phase which may be 
obtained with corpuscular proteins. When this latter 
type of protein is obtained in the low-dispersed form, 
one usually obtained colloid crystals, rather than 
liquid coacervates. The colloid crystals will owe 
their stability to the presence of lateral bonds 
between groups of contiguous folds of the macro- 
molecule, or between sub-units, which will counteract 
the tendency of the macromolecule to form the most 
probable shape, that of the statistically kinked 
macromolecule. 

Such a description would seem to fit in very well 
with the physical chemistry of such high molecular 
weight compounds as the deoxyribonucleic acids*'. 
It may be suggested that the ordered phase (or at 
least the organelles) conforms to this type of macro- 
molecular pattern more than to the random liquid 
system of complex coacervation. 

The ability of the ordered phase to exclude an ion 
by some mechanism other than membrane imperme- 
ability may be questioned. It would seem improbable 
that cytoplasm, which consists of 80 per cent water, 
would contain a sufficiently large amount of water in 
the ‘bound’ state to explain the exclusion of sodium. 
If, however, the cell is considered as a system of 
modified complex coacervates, then the partition of 
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salts between the two partially immiscible phases 
would be entirely different from that obtaining in 
the test-tube. The ordered phase, therefore, will be 
a colloid-rich phase in which there is a high degree 
of molecular orientation and structural differentiation. 
The free intracellular phase, which we tentatively 
identify with the sarcoplasmic reticulum, will con. 
form more to the labile, short-term pattern which is 
typical of coacervates. 
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SCIENTISTS AND ENGINEERS IN BRITAIN® 


HE second report on scientific and engineering 
man-power from the Committee on Scientific 
Man-power of the Advisory Council on Scientific 
Policy compares the situation in Great Britain in 
1959 with that in 1956 and estimates the develop- 
ments likely by 1962. Like the first report, it is 


based on information collected by the Ministry of 


Labour and National Service, this time in the first 
three months of 1959, covering private industry, the 
nationalized industries and public corporations, 
central and local government (excluding education 
and the Armed Forces) and education, but agriculture 
is again excluded as well as self-employed persons, 
persons employed by firms of consultants, and 
scientists and engineers working outside Great 
Britain. The inquiry is slightly more comprehensive 
than that in 1956, which excluded firms employing 
less than 100 workers, for it covers, besides all estab- 
lishments employing 500 workers or more, a sample of 
those with 11-499 workers (31-499 workers in the 


* Scientific and Engineering Manpower in Great Britain 1959. 
Pp. vi+ 48. (Cmnd.902.)(London: H.M. Stationery Office, 1959.) 3s. net. 





building and contracting industry). It is estimated 
that the employments covered account for nearly 
90 per cent of all qualified scientists and engineers in 
Great Britain. As in the previous report, these terms 
are applied to persons with one of the following 
qualifications: a university degree in science or 
engineering ; the diploma in technology ; an associ- 
ateship of one of the higher educational institutions : 
graduate or corporate membership of one of the 
professional institutions. Technologists with specialist 
qualifications in branches of applied science such as 
textiles, rubber and plastics are again excluded. 
unless they qualify as defined above. 

For early 1959 the report gives the total of qualified 
scientists as 63,200 and of engineers as 89,200: 
43,600 of the grand total possessed the higher 
national certificate or diploma of technology only. 
Of the scientists, 21,200 are employed in manufac- 
turing industry, 1,000 in industrial research associa- 
tions, 3,200 in nationalized industries, 6,400 in central 
government and 28,700 in education; 2,000 are 
employed in other manufacturing industry and 400 
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others in teaching. For engineers the corresponding 
figures are: 42,400; 600; 17,000; 8,500; 3,300; 
4,900; and 1,300; 4,100 qualified engineers are 
employed in the building and contracting industry 
and 6,600 by local authorities. It is estimated that 
5,000 scientists and 9,600 engineers are in employ- 
ment not covered by the inquiry, and 4,000 and 
2,000 respectively in postgraduate research. The 
crand total of 173,000 represents an increase of 
19:3 per cent over the 1956 figures and an increase 
fro 6 to 7 in the number of scientists and engineers 
per thousand of the working population, apart from 
the 43,000 possessing no higher qualification than a 
higher national diploma or certificate. 

Of this increase, 62 per cent has gone into private 
manufacturing industry, 13 per cent to nationalized 
industry, 17 per cent to education, and 8 per cent to 
central and local government, more than half the 
increase in the nationalized industries and public 
corporations being attributable to the Atomic Energy 
Authority, where the increase was 71 per cent (2,470 
to 4.220). and a further increase of 42 per cent by 
1962 is anticipated. Taking scientists and engineers 
separately, manufacturing industry has gained 53 per 
cent of the scientists and 69 per cent of the engineers ; 
for nationalized industry the figures are 8 per cent 
and 16 per cent, respectively ; for central and local 
government, 6 per cent and 3 per cent; and for 
education, 32 per cent and 6 per cent, respectively. 
The actual increase of 19-7 per cent or 23,600 com- 
pares with the employers’ forecast of 32,500 or 
27-2 per cent ; for manufacturing industry the actual 
increase was 30-2 per cent ; for research associations, 
10 per cent ; for nationalized industry. 18-4 per cent ; 
for central government, 7:5 per cent ; local govern- 
ment, 3:8 per cent; and education, 14 per 
cent. 

Nearly 70 per cent of the net gain for manufac- 
turing industry in scientists and engineers is concen- 
trated in electrical engineering, chemicals and allied 
trades, other plant and machinery and aircraft. As 
regards private manufacturing industry as a whole, the 
proportion of qualified scientists and engineers to the 
total number of persons employed rose from 8 to 
1l per thousand. In most industries the percentage 
engaged on research and development showed little 
change compared with 1956. In the shipbuilding. 


ship-repairing and marine engineering group it. 


increased from 9 to 20 per cent, and in the railway 
equipment industry from 5 to 23 per cent; but in 
the aircraft industry there was a substantial increase 
in the proportion of scientists and engineers engaged 
on work other than research and development. In 
manufacturing industry as a whole, 41-2 per cent of 
scientists and engineers were engaged on research 
and development compared with 44-5 per cent in 
1956; in electronics the figure was 66 per cent ; for 
precision instruments, 60 per cent; for aircraft, 
54 per cent ; for heavy electrical engineering, 53 per 
cent : and man-made fibres, 51 per cent. Establish- 
ments with staffs of 500 or more employed 69 per 
cent of the scientists and engineers in this sector, but 
only 46 per cent of all persons engaged in manufac- 
turing industry ; for scientists the figure is 64 per 
cent, and for engineers 71 per cent, and 68 per cent 
of these scientists and 80 per cent of the engineers 
were engaged on research and development. For 
establishments employing more than 100 workers a 
proportionately smaller increase in the number of 
envineers and scientists employed was expected 
during the next three years compared with 1956-59. 
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The industrial research associations which in 1956 
employed nearly 1,400 scientists and engineers hope 
to employ 1,800 by 1962—an increase of 17 per cent 
in the next three years; whereas the nationalized 
industries hope to employ 24,900, an increase of 
20 per cent on the 20,700 employed in 1959, and of 
18 per cent on 1956. For the Gas Council and the 
Area Gas Boards, the increase was 17 per cent ; for 
the National Coal Board, 15 per cent; and for the 
Electricity Authorities, 2-5 per cent ; but the latter 
employed an appreciably higher proportion of quali- 
fied scientists and engineers (30 per thousand) than 
the, average for manufacturing industry or for the 
other public corporations except the Atomic Energy 
Authority (123 per thousand). Whereas for all other 
public corporations only 8 per cent of scientists and 
engineers on average were employed on research and 
development, for the Atomic Energy Authority the 
figure was 63 per cent, and for the Airways Cor- 
poration 33 per cent. By 1962 the Electricity 
Authorities look for a further increase of 35 per cent in 
the number of scientists and engineers, and the British 
Transport Commission for a 29 per cent increase. 

Whereas in 1956 the departments of central 
government expected to increase their total of 
scientists and engineers from 13,800 to 15,800 by 
1959, the increase was only 7:5 per cent, mainly 
because the expected 11 per cent increase in the 
defence departments did not occur, the number 
employed remaining at 7,600. It is estimated that 
about 20,000 scientists and engineers, including those 
serving in the Armed Forces, were employed on 
defence work at the beginning of 1959, about half of 
whom were engaged on research and development, 
and accounting for about 25 per cent of all scientists 
and engineers engaged on research and development 
in industry and government research establishments 
compared with 40 per cent three years ago. The fall 
in the proportion in the aircraft industry engaged on 
research and the smallness of the increase in qualified 
personnel in the electrical engineering industry may 
be due to cuts in defence contracts. 

The civil departments employ nearly 4,600 
scientists and engineers, or about 30 per cent of the 
total employed by the central government. An 
increase from 2,350 to 2,700 in the number employed 
by the research councils between 1956 and 1959 
reflects principally the planned expansion in the 
Department of Scientific and Industrial Research 
under the five-year plan initiated in 1954, and the 
12 per cent increase forecast by the civil departments 
by 1963 includes a 16 per cent increase for the 
research departments, covering provision for the 
second five-year plan for the Department of Scientific 
and Industrial Research, which calls for a 6 per cent 
a year increase in its professionally qualified staff. 
In the same period, the defence departments anticipate 
a reduction in the total number of scientists and engin- 
eers to 7,450 as the net result of a % per cent increase 
in scientists and a 6 per cent decrease in engineers. 

Of the 6,700 scientists and engineers employed by 
local authorities in 1956, about 80 per cent were civil 
and structural engineers. In 1959 the total was more 
than 6,950, but 1,150 immediate vacancies are 
reported and an increase of 25 per cent is hoped for 
by 1962. The increase among civil and structural 
engineers in 1959 was 11 per cent, but the number 
of mechanical engineers fell from 660 to 370. 

The current scientific man-power position in edu- 
cation is discussed elsewhere (see p. 1971 of this issue), 
and apart from noting that some universities consider 
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that their competitive position has improved in the 
past two years, it should suffice here to refer to the 
forecasts of requirements for teachers from 1959 
until 1962 given in the report. For the universities 
an increase of 1,275, or 30 per cent, to 5,450 is fore- 
east ; for technical and teacher training colleges the 
corresponding figures are 1,620 (24 per cent) and 
8,480; and for the schools 3,675 (16 per cent) and 
26,290. The forecast of requirements for university 
teachers by 1962 assumes that two-thirds of the 
increased numbers of students reaching the univer- 
sities by 1962 will read pure science or technology. 
It is also expected that by 1962 about 5,000 scientists 
and 2,500 engineers will be engaged on postgraduate 
work in the universities, compared with 4,000 and 
2,000, respectively, in 1959. 

The net increase in the forecast of requirements for 
technical colleges, teacher training colleges and 
schools includes about 1,000 current vacancies, nearly 
half of which are in Scotland, and it is admitted that 
the figure for England and Wales greatly under- 
estimates the number of additional teachers needed 
to restore 1953 staffing standards. To reduce the size 
of swollen classes might require a further 4,000-5,000 
science teachers. 

The figures for various categories of scientists 
employed in 1959 (with the percentage increase on 
1956 in brackets) are as follow: 6,400 biologists 
(25-5), 24,300 chemists (16-3), 800 geologists (— 11-1), 
13,000 mathematicians (12-1), 13,600 physicists 
(28-3) and 2,700 other scientists (28-6). For engineers 
the figures are : metallurgists, 3,600 (12-5) ; chemical 
engineers, 1,900 (26-7) ; civil engineers, 13,700 (7-0) ; 
electrical engineers, 20,000 (12-4) ; mining enyineers, 
4,600 (21-1); mechanical engineers, 34,000 (25-9) ; 
engineers in teaching, 3,300 (37-5). The following 
figures give the forecast of additional numbers 
required by 1962 (percentage increase on 1959 in 
brackets) : biologists, 1,200 (17-6); chemists, 5,400 
(20-5); geologists, 200 (25-0); mathematicians, 


NEWS and 


Australian Commonwealth Scientific and Industrial 
Research Organization Executive 


THE appointment has been announced of two new 
members to the Executive of the Australian Common- 
wealth Scientific and Industrial Research Organiza- 
tion. This follows the passing last month of an 
amendment to the Science and Industry Research 
Act, enlarging the Organization’s Executive. The 
new full-time members will be Mr. C. S. Christian, 
chief of the Organization’s Division of Land Research 
and Regional Survey, and Prof. L. G. H. Huxley, 
Elder professor of physics in the University of 
Adelaide. 


Mr. C. S. Christian 


Mr. CurIsTIAN has been associated with the Com- 
monwealth Scientific and Industrial Research Organ- 
ization ever since his graduation from Gatton College 
and the University of Queensland. In 1931 he studied 
genetics at the University of Minnesota, and in 1933 
he held an appointment under Sir Ronald Fisher at 
Rothamsted Experimental Station. On his return to 


Australia, he undertook wheat and plant breeding re- 
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2,700 (19-6); physicists, 3,300 (20-2) ; other scientists, 
200 (16-7); metallurgists, 1,300 (35-1); chemical 
engineers, 700 (35-0) ; civil and structural engineers, 
3,300 (22-9); electrical engineers, 6,000 (27:9); 
mining engineers, 200 (4-3); mechanical and other 
engineers, 8,700 (23-8) ; engineers in teaching, 1,200 
(26-1). The figures take no account of the demands 
abroad for scientists and engineers trained in Great 
Britain. 

‘For 1962 a grand total of 87,100 scientists and 





-124,600 engineers is forecast by the inquiry, of whom 


76,200 scientists and 110,800 engineers are required 
in fields covered by the inquiry and 5,000 scientists 
and 2,500 engineers in postgraduate research. More- 
over, it is assumed that 6,000 scientists and 8,400 
engineers will be needed to replace wastage from 
death, retirement, etc. Against this, an output of 
51,650 scientists and engineers is forecast for the 
period 1959-62, of whom only about 47,500 will be 
available for employment in Great Britain compared 
with anticipated requirements of 53,100. About 
60 per cent of the total will be university graduates 
(28,800), holders of the diploma in technology (900) 
or associates of one of Scotland’s central institutions 
(750); the remaining 21,200 will be admitted to 
professional institutions on the evidence of other 
qualifications. By 1962 the annual output is expected 
to reach about 19,000 compared with 15,000 in 1958, 
and of the net 47,500 available for employment in 
Britain, 19,200 will be scientists and 28,300 engineers. 
Of the 5,674 scientists qualifying for the first time in 
1958, 494 did so in biological sciences, 1,296 in 
chemistry, 167 in geology, 496 in mathematics, 755 
in physics, 599 in general science, and 1,357 by pass 
degrees. Of the 9,326 engineers, 333 qualified in 
aeronautical, 325 in chemical, 1,047 in civil and 
structural, 1,658 in electrical, 734 in marine, 2,748 in 
mechanical, 504 in mining and metallurgy, 432 in 
production, 225 in municipal, 146 in naval archi- 
tecture, and 1,087 in general engineering, etc. 


VIEWS 


search with the Commonwealth Scientific and Industria] 
Research Organization in Canberra and in Queens- 
land. In 1946, following a request from the North 
Australian Development Committee, Mr. Christian 
organized the North Australia Regional Survey. 
which has since become the Commonwealth Scientific 
and Industrial Research Organization’s Division of 
Land Research and Regional Survey. In 1955, Mr. 
Christian was invited by Unesco to advise in Syria 
on the establishment of a resources survey unit, and 
similarly in 1958 he went to India to plan a Central 
Arid Zone Research Unit. He is the Australian 
delegate to the International Rice Commission and 
president of Section K (Agriculture) of the Australian 
and New Zealand Association for the Advancement of 
Science. He has been president of the Queensland 
and A.C.T. branches of the Australian Institute of 
Agricultural Science. 


Prof. L. G. H. Huxiey 


Pror. HUXLEY was educated at Hutchins Schoo! in 
Hobart, and at the University of Tasmania. He was 
the Tasmanian Rhodes Scholar in 1923, and went to 
New College, Oxford, in 1925, to read honours 
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physics. He was awarded his doctorate in 1928, 
and returned to Australia in 1929, to carry out 
research for the Radio Research Board, under Sir 
John Madsen. He returned to England in 1931 
ani became in succession lecturer in physics at 
Nottingham, Leicester and Birmingham. During the 
War he was in charge of a radar school under the 
Ministry of Aircraft Production. Prof. Huxley 
returned to Australia ten years ago to take the chair of 
physics at the University of Adelaide. He is a 
meinber of the Councils of the Australian Nationa! 
University and the University of Adelaide. He has 
been associated with the Commonwealth Scientific 
and Industrial Research Organization through his 
chairmanship of the National Standards Commission 
and the Radio Research Board. He was a Foundation 
Fellow of the Australian Academy of Science, and is 
now the Academy’s secretary (physical sciences). 
He is keenly interested in educational matters, being 
chairman of his University’s Education Committee, 
and patron of the Science Teachers Association of 
South Australia. 


No. 4704 





Mr. G. B. Gresford 


‘Two changes are also announced in the top adminis- 
tration of the Commonwealth Scientific and Industrial 
Research Organization. Mr. Guy B. Gresford has been 
appointed secretary and Mr. Walter Ives, executive 
officer. Mr. Gresford was educated at Trinity 
College, University of Melbourne. He joined the 
Organization in 1942. During the period 1943-46 
he was in England on the staff of the Australian 
Scientific Liaison Office in London. He became 
assistant secretary of the Commonwealth Scientific 
and Industrial Research Organization in 1946 and 
research secretary (physical sciences) in 1952. In 
1957, Mr. Gresford went to the United States on a 
Commonwealth Fund Fellowship, studying at the 
Harvard School of Public Administration and at the 
National Science Foundation in Washington. 


Mr. W, Ives 


Mr. Ives graduated in economics at the University 
of Sydney. During the War he was with the Depart- 
ment of War Organization of Industry, and transferred 
later to the Department of Postwar Reconstruction. 
He joined the Commonwealth Scientific and Industrial 
Research Organization in 1946 as technical secretary 
of the Division of Plant Industry. He became 
assistant secretary of the Organization in 1950 and 
research secretary (biological sciences) in 1952. 
During 1954-56 he was chief scientific liaison officer 
at the Australian Scientific Liaison Office in London. 


British Antarctic Party 


TuE third party of scientists and technicians of the 
Falkland Islands Dependencies Survey left Southamp- 
ton on December 18 for the Antarctic aboard the 
Danish polar-exploration vessel, M.V. Kista Dan. 
Sir Vivian Fuchs, director of the Survey, flies from 
London on January 4 and joins the Kista Dan at 
Montevideo, where the vessel will take aboard two 
aircraft. These will be assembled at the ice edge to 
help in re-opening the Survey’s southernmost base on 
Stonington Island (closed in March this year because 
of difficult ice conditions). Sir Vivian will take 
personal charge of this and allied operations and 
expects to be in the Antarctic for the rest of the 
summer season. The aircraft that will be used by 
the Falkland Islands Dependencies Survey will also 
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support British exploration teams travelling south of 
Marguerite Bay. They will be operated by a Royal 


Air Force team of five. The Falkland Islands 
Dependencies Survey has maintained bases on the 
coast of Graham Land and nearby islands for fifteen 
years. At the bases, between 80 and 90 scientists and 
technicians spend periods of up to two years carrying 
out a regular programme of surveys, research and 
meteorological work. In January this year the 
Survey took over the base at Halley Bay (Coats 
Land) set up by the Royal Society expedition of 
1955 as part of Britain’s contribution to the Inter- 
national Geophysical Year, following the British 
Government’s decision that scientific work should be 
continued there. Every antarctic summer, between 
November and March, the sea ice clears sufficiently 
for specially-built vessels to make the difficult voyage 
to Britain’s Antarctic bases with relief staff and 
supplies. M.V. Kista Dan has been chartered by the 
Falkland Islands Dependencies Survey this season 
to supplement the work of its own vessels, R.R.S.’s 
John Biscoe and Shackleton. The former is expected 
to take part in the re-opening of the base on Stoning- 
ton Island after she has relieved the Halley Bay base 


Nigerian College of Arts, Science and Technology. 


More than £85,000 was made available for the 
Nigerian College of Arts, Science and Technology 
among grants and loans approved in November 
under the Colonial Development and Welfare Acts. 
Four grants were approved for the building pro- 
gramme of the College—£22,500 for a library and 
£15,322 for a 30-man hostel at its Zaria branch, and 
£18,750 for a library and £28,584 for a hostel block 
and two link blocks to accommodate 54 students at 
Ibadan. This brings to £1,087,719 the total made 
available for the development of the College since the 
first grant was approved in 1950. The College was 
established by the Nigerian Government as an auton- 
omous federal institution, with branches at Enugu, 
Ibadan and Zaria, to share with University College, 
Ibadan, the task of providing higher education in the 
territory. It trains students in arts and science 
subjécts leading to the United Kingdom General 
Certificate of Education (Advanced Level) and 
provides full professional courses leading to the 
examinations of appropriate professional bodies in 
Britain or to college diplomas, and certificate and 
other courses. The College is fully residential and 
it is hoped that by 1962 it will accommodate up to 
1,250 students in its three branches. Total enrolment 
in the 1958-59 academic year was 875 students. 


New Research Laboratories of Messrs. John and 
E. Sturge 


New laboratories for organic and biochemical 
research work have been opened at Wheeleys Road, 
Birmingham, by John and E. Sturge, Ltd., as part of 
a plan to centralize the company’s research work. 
One of the main activities will be fundamental 
research on fermentation problems, particularly in 
connexion with the microbiological production of 
citric acid, involving a close study of the biochemical 
and chemical aspects of the life-cycle of Aspergillus 
niger and the undertaking of an extensive mutation 
programme. The laboratories include an instrument 


room maintained at 20° C., a special cold room for 
enzyme manipulation in which the temperature can 
be kept down to 0° C. indefinitely, and sterile air- 
conditioned rooms to facilitate the handling of micro- 
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organisms. The existing physical chemistry research 
laboratories at Wheeleys Road have been modernized, 
and are now fully equipped for radiochemical and 
high-vacuum work and for ultra-violet spectroscopy. 
At the company’s Lifford Chemical Works, Birming- 
ham, the analytical laboratories are being extended 
to cope with the testing of increased production, and 
the development laboratories have been rehoused in 
larger premises and now include a section for technical 
service work on rubber, plastics, paper, paint and 
printing inks. The Yorkshire laboratories at the 
company’s Selby works—formerly devoted to the 
organic and biochemical research work—are now being 
used to extend the facilities of the development, 
analytical and microbiological departments. Con- 
struction work will start shortly on a new pilot plant, 
together with an associated laboratory and adminis- 
trative offices. 


Structure and Age of the Stars 

THE improvements in our knowledge of nuclear 
reactions and of the opacity of stellar material are 
leading to corresponding advances in our ideas of the 
structure and ages of the stars. Developments in 
high-speed computers are playing a major part in 
this work, as may be seen from two recently pub- 
lished papers. C. B. Haselgrove and F. Hoyle (Mon. 
Not. Roy. Astro. Soc., 119, 112; 1959) have con- 
structed new models for stars of population types I 
and II, the latter having one-twentieth of the metal 
abundance relative to hydrogen that is present in 
type I. The integrations refer to uniform stars, 
before substantial evolution has taken place. The 
results show that for stars with central temperatures 
less than about 2-1 x 107 °K. the proton—proton 
reaction dominates the energy production; for 
hotter stars the carbon—nitrogen cycle is dominant. 
This central temperature is reached in stars of roughly 
twice the solar mass. Stars which are more massive 
than this also possess convective cores. An evolu- 
tionary run was obtained for a star of solar mass, and 
the age of the Sun, determined by fitting the observed 
luminosity, is 5-2 x 10° years, in excellent agreement 
with the geophysically determined age. It also 
appears likely that the separation at zero age of the 
main sequences of the different stellar populations does 
not exceed 0-1 mag. In a second paper (Mon. Not. 
Roy. Astro. Soc., 119, 124; 1959) Hoyle re-computes 
evolutionary sequences for stars corresponding closely 
to the lower portions of the globular cluster and the 
M 67 cluster giant sequences, that is, for types IT 
and I, respectively. He concludes that both these 
type of stars must be aged at least 9 x 10° years. 
If it is assumed that type II stars are older than 
type I stars, Hoyle shows that the age of the Galaxy 
must be at least 10!° years, and that the cluster 
cepheid variables cannot be brighter than absolute 
visual magnitude + 0-6, a result in agreement with 
recent evidence from other lines of investigation. 


Great Indian Rhinoceros 


THE Great Indian rhinoceros, Rhinoceros unicornis, 
is one of the mammals the names of which appear on 
the list of animals in danger of extermination, which 
is maintained by the Survival Service Commission of 
the International Union for the Conservation of 
Nature and Natural Resources. In 1958, about 800 
of these rhinoceros were believed to exist, of which 
some 400 were known to be in India. About the same 
number were thought to live in Nepal, in the valley 
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of the River Rapti. The number of this rhinoceros 
in India was fairly accurately known because of the 
interest of the Indian Government, the attention 
given to the species by the Indian Board for Wild 
Life, and especially to the work of E. P. Gee. There 
were about 350 rhinoceros in sanctuaries in Assam— 
notably 250 in the Kaziranga Wild Life Sanctuary— 
and fifty in Bengal. About the number of rhinoceros 
in Nepal no accurate figures were known. In Septem. 
ber 1958 a message from Katmandu came to the 
International Union for the Conservation of Nature 
stating that only about thirty-five rhinoceros re- 
mained in Nepal; the rest had been killed by 
poachers. The Survival Service Commission of the 
Union arranged for Gee to visit Nepal to investigate 
the distribution and status of rhinoceros in Nepal 
and to suggest measures for its preservation. A 
survey by Gee shows that the rhinoceros has not 
reached the levels which the message from Nepal 
had described, but the general picture is of declining 
numbers in a shrinking habitat. Gee’s report has 
been accepted by the Survival Service Commission 
and given to the Union for appropriate action to 


preserve the Great Indian rhinoceros (Oryx, 5, 
No. 2; August 1959). 
University News : Manchester 


Dr. F. FAtRBROTHER, reader in inorganic chemistry 
and assistant director of the chemical laboratories in 
the Faculty of Science, has been granted the status 
of professor of inorganic chemistry. 


Oxford 


THE following grants are announced: from the 
Nuffield Foundation for two years a sum not exceed- 
ing £8,000, for the continuation of research being 
carried out by H. B. Parry, at the Nuffield Institute 
for Medical Research, under the direction of G. S. 
Dawes ; from the du Pont Company, U.i.A., a grant 
of 3,000 dollars for the year 1960-61, for the support 
of basic research in the field of theoretical chemistry 
in the Institute of Mathematics, under the direction 
of Prof. C. A. Coulson ; and £3,000 spread over three 
years from B.P. Trading, Ltd., for the purpose of 
continuing a research fellowship in geochemistry. 
to be nominated by the professor of geology. 


Announcements 


Dr. EDGAR ZWILLING, professor of biology at 
Brandeis University, Waltham, Mass., has been 
appointed to serve a three-year term on the Embryo- 
logy and Development Training Committee, which is 
administered by the Division of General Medical 
Sciences of the National Institutes of Health, U.S. 
Public Health Service. Dr. Zwilling will review 
applications for training grants in the basic sciences 
related to embryology and development, and _ will 
also provide technical advice to the National Advisory 
Health Council of the National Institutes of Health 
and the Surgeon General of the Public Health Service 
on matters pertaining to the research training pro- 
blems of the nation. 


ERRATUM. We regret that in the article entitled 
‘“Oeeurrence and Quantitative Determination of 
2-Dimethylaminoethanol in Animal Tissue Extracts” 
in Nature of August 15, p. 551, the 17th line from 
the bottom of the right column should read ‘‘migra- 
tion value . . . where ‘cysteine’ has . . . ’’ instead of 
. . where ‘glycine’ has... .”’. 
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HEATING AND VENTILATION 
BRITISH OCCUPATIONAL HYGIENE SOCIETY CONFERENCE 


’ |XHE eleventh conference of the British Occupa- 
| tional Hygiene Society was held at the Institution 
o! Mechanical Engineers on November 5, the presi- 
dent, Mr. W. H. Walton, occupying the chair. Dr. T. 
Bedford opened the proceedings with a paper entitled 
“Requirements for Satisfactory Heating and Ven- 
tilation’’, in which he discussed the suppression of 
body odour, the combating of airborne infection, the 
release of toxic materials in factories and the main- 
tenance of comfort. The definition of comfort zones 
is effected, to a first approximation, by the dry-bulb 
temperature of the air. This, however, could be mis- 
leading if radiation, atmospheric humidity and air 
movement are sufficiently large. These were taken 
account of by the speaker’s ‘‘corrected effective 
temperature”’, though it had to be remembered that 
individual preference differed, and so, too, did the 
general attitudes in different seasons and countries. 
To be pleasant as well as comfortable the surrounding 
atmosphere had to contribute an element of stimu- 
lation. This was associated in the first place with 
air-movement, which, while perceptible, was in- 
sufficient to constitute a draught. The upper desirable 
limit depended on temperature. Very low or very 
high relative humidities were often objectionable, 
but the optimum was not sharply defined. The 
method of supplying artificial heat was important in 
the avoidance of stuffiness. Warm walls had been 
found satisfactory, while the lower part of the body 
should be warmer than the upper with a gradient of 
2° F. to 3° IF. over the height of a standing man. 
Heated ceilings required cautious use, for this reason. 
Experiments with heated floors suggested that dis- 
comfort began when the surface exceeded 77° F. 
The engineering approach to air conditioning was 
explained by Mr. B. G. Lawrence, of the National 
College for Heating, Ventilating, Refrigeration and 
Fan Engineering. His paper, which will be of the 
utmost value to consultants in heating and ventila- 
tion, explained in detail the basic methods of heating, 
cooling and humidifying air and drew comparisons 
from which it was possible to decide upon the 
system best suited to a particular application. 
Work in hot environments was dealt with by Dr. 
A. R. Lind, of the Medical Research Council Unit, for 
tesearch in Climate and Working Efficiency. In hot 
surroundings men rapidly experience discomfort and 
fatigue ; their working capacity falls, errors of per- 
ception and judgment appear and, ultimately, serious 
physiological disturbances are followed by collapse. 
The heat exchange between the body and its sur- 
roundings is complicated by a rise in body tem- 
perature during work which becomes greater in 
climates that are too hot. An appraisal of the heat 
stress imposed by given surroundings necessitates an 
understanding of the way in which the heat exchange 
will be influenced by the thermoregulatory system of 
the human body. In the absence of such regulation 
a man hard at work would increase in temperature 
by 14-4° F. an hour. In hot surroundings, acclimat- 
ization after about two weeks plays an important 
part in enabling regulation to be extended beyond 
the normal limit; it is associated with improved 
circulation, which helps the transfer of heat from 





deep tissues to the surface of the skin. Dr. Lind 
compared various indexes of heat stress and con- 
cluded that the predictive value of the sweat-rate 
system was valid under the widest range of con- 
ditions. It was of practical value to be able to use 
an index to define the upper limit of a tolerable 
thermal environment. Work was at present in hand, 
for example, to determine the safe duration of 
exposure for personnel engaged in mine-rescue 
operations. Permissible limits for everyday work 
were important in industrial, mining and Service 
activities ; a comparison of naval and mining pro- 
posals was made. The final section of the paper 
dealt with measures which could be taken to relieve 
heat stress and the probable physiological response 
to them. 

Flight Lieut. J. Billingham (Institute of Aviation 
Medicine) and Mr. D. J. Day (Royal Aircraft Estab- 
lishment) discussed cabin air-conditioning in military 
aircraft, the former covering physiological aspects 
and the latter engineering. The problem of keeping 
the pilot comfortable presented novel features. The 
air-cooling system had to extract a considerable 
amount of heat so that the difference in temperature 
between inlet and exit air might be as high as 50° F., 
even with a very high rate of air change. The differ- 
ence between wall and air temperature might also be 
large and in either direction. Heat was produced by 
electronic equipment, but the exposed cabin walls 
were cold ; on the other hand, the development of 
supersonic aircraft would result in heating of the 
cabin skin, and solar radiation had the same effect 
on its upper parts. The humidity of air taken in to 
ventilate high-flying aircraft was practically zero. 
Water could be added in civil machines, but the need 
to save weight might not permit this in military 
craft. The clothing of air-crews varied a great deal. 
Impermeable pressure suits might suffer from con- 
densation of body moisture upon the inner surfaces 
and, for this reason alone, all such suits should be 
ventilated. The pilot had to be able to control the 
air temperature to some extent, depending on his 
mean radiant temperature and his clothes. The 
degree of variation, and of comfort provided, was a 
matter of balance between his deterioration in mental 
performance and the increase in the performance of 
the aircraft resulting from saving of weight. A more 
severe stress could be imposed on a man embarking 
on a short sortie than would be tolerated during a 
long expedition. 

Mr. Day directed attention to the properties of 
the I1.C.A.N. standard atmosphere, which was the 
raw material for calculations on air supplies. Real 
conditions often departed from this ideal specifica- 
tion. In aircraft powered by gas turbines, a bleed 
from the compressor pressurized the cabin. This air 
required to be cooled; its volume was decided by 
the heat load and the leakage rate. Enemy action 
had to be considered in military planes and an excess 
of 4 lb./in.2 was not exceeded. Up to 9 lb./in.* was 
acceptable in civil machines, giving a cabin altitude 
of 8,000 ft. at a true height of 47,000 ft. Under the 
skin of the cabin, thermal insulation was provided 
by up to 1 in. of superfine fibreglass. Uniformity of 
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temperature was achieved by careful arrangement of 
the air inlets. About 15 Ib./min. was a typical figure 
for the air supply to a single-seat cockpit. Primary 
air cooling was performed by an air-to-air ram- 
operated exchanger. The heat picked up could not 
be rejected into the air stream, so it had to be used 
up by evaporating water or by heating up the con- 
siderable amount of fue! carried, which might even 
be refrigerated before loading. The final cooling, 
before admission to the cabin, was obtained by 
expansion. ‘Temperature control was by a mixing 
valve. 

The conference was concluded with a paper by 
Surgeon Commander S. Miles, of the Royal Naval 
Physiological Laboratory, who said that the nuclear 
propulsion unit brought with it the possibility that 
a man might in future spend a full commission 
beneath the surface of the sea, not necessarily as 
part of a defence programme, since the cargo-carrying 
submersible vessel was now the subject of study. 
The problem to be faced was the confinement of a 
crew in complete isolation while they worked, played, 
ate and slept encompassed by the sea. During this 
time a high standard of health and morale had to be 
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maintained. The cumulative effect of a discharge of 
toxic agent made the risks abnormal. Carbon 
monoxide, carbon dioxide, body odours, fumes from 
cooking, paint, machinery and batteries had to be 
dealt with. The provision of oxygen from storage 
cylinders or chemical sources was expensive in space 
and micat be replaced by the electrolysis of sea 
water or the absorption of dissolved gas, following 
the plan adopted by fishes. Water was readily 
obtained by distillation, but food was a problem. 
Cyclic feeding had besr mooted by space-ship 
planners. The screening o? the reactors was efficient 
and the only source of radiation could be an escape 
of coolant, which was guaded against by continuous 
monitoring. Luminous watch and instrument dials 
were banned. As a voyage progressed there was a 
swing to classical music in the popular taste, while 
conversation tended to becoine deeper. Educational 
courses were popular and afforded compensation for 
the long immurement. Exercise remained a difficulty. 
The papers preserved at this conference and the 
discussion on them will be printed in Vol. 2, part 3, 
of the Annals of Occupational Hygiene. 
C. N. Davies 
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SELECTIVE OXIDATION OF TETRAPYRROLE SIDE-CHAINS 


By J. BARRETT and ”. CLEZY 
Institute of Medical Research, Royal Nerth Shore Hospital of Sydney 


N studies to determine the nature of the side- 

chains and their relative positions on the nucleus 
in the tetrapyrroles, porphyrin a (ref. 1) and chlorir 
a, (ref. 2), we have made considerable use of selective 
oxidation methods, some of which are new to this 
field while others have been further investigated. 
Since these methods have also been of value in prepar- 
ing various model compounds they are of general 
application in this field and this communication 
summarizes our experience. 

Because of evidence that porphyrin a and chlorin a, 
(ref. 3) are hydroxylated compounds a method was 
required which would oxidize the alcohol group to 
carbonyl and thus demonstrate whether it was 
conjugated to the ring, but which would not cleave 
the vinyl or extended vinyl side-chain, known to be 
present in these tetrapyrroles. Fischer* employed 
potassium dichromate in pyridine to achieve this type 
of oxidation, but this oxidant in our hands gave poor 
yields together with degradation products. When 
acetone or glacial acetic acid was used as solvent, 
products with oxyporphyrin type spectra rapidly 
formed. However, oxidation of both primary and 
secondary hydroxyl groups could be readily effected 
with the reagent developed by Jones et al.> for the 
oxidation, of acetylenic carbinols, in which chromium 
trioxide/sulphuric acid is used in conjunction with 
acetone as solvent. Oxidation was too rapid to 
allow for the appearance, with the dihydroxy porphy- 
rins, of compounds with a single oxidized hydroxyl 
group. The order of reactiv:'ty in the porphyrin 
series of compounds was —-CH,OH > —CHOHCH, 
>>> —CHO. Thus mono- and di-hydroxymethyl, 
or hydroxyethyl, deuteroporphyrins were converted 
to the corresponding formyl or acetyl porphyrins in 
high yield. 2-formyl 4-hydroxyethyl could be oxid- 
ized to 2-formyl 4-acetyl-deuteroporphyrin, little of 
the carboxy compound being formed. Where oxida- 





tion of the formyl group was preferentially required, 
the hydroxyl groups could be protected by acetyla- 
tion. In this way 2-formyl 4-hydroxyethyl-deutero- 
porphyrin was converted to 2-carboxy 4-hydroxy- 
ethyl-deuteroporphyrin and 2-hydroxymethyl 4- 
formyl-deuteroporphyrin to 2-hydroxymethy] 4-carb- 
oxy-deuteroporphyrin. The formyl groups could be 
completely protected by formation of a Girard com- 
plex, but usually this device was not required. 

In the dihydroporphyrin series (chlorins, rhodins) 
rhodin g; alcohol (derived from rhodin g, by reduction 
of the 3 formyl group with NaBH,) was smoothly 
oxidized by this technique to the formyl compound, 
though care was required to avoid over-oxidation as 
the dihydroporphyrin ring tends to break down 
more readily than the porphyrin nucleus. The 
presence of side reactions was more marked in the 
case of the 2-«-hydroxyethyl compounds derived from 
phzophorbide a, pyropheophorbide a, rhodochlorin 
and pyrochlorin®, where a second compound with an 
oxyporphyrin type spectrum and a low Willstétter- 
hydrochloric acid number was obtained. The 
appearance of this type of degradation {product on 
oxidation of the chlorin 2-hydroxyethyl compounds 
and its absence from the 3-hydroxymethyl compoun(<( 
are probably related to the significantly slower rat: 
of oxidation of the secondary alcohol. 

The procedure for oxidation was as follows. A 
few mgm. of the tetrapyrrole in 5 ml. of acetone. 
freshly distilled over potassium permanganate, cooled 
to 0° C., was treated under a nitrogen atmospher« 
with a very small drop of the chromium trioxid« 
reagent which had previously been flushed with 
nitrogen. The drop was applied to the side of the 
test-tube and washed down by the acetone. The 
spectrum of the compound rapidly changed to that of 
the acid form and the formation of the oxidized 
product could be followed with a hand spectroscope. 
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On completion of oxidation—a matter of a few 
seconds—the acetone solution was poured into ether 
over 0-2 per cent sodium bicarbonate, and the ether 


then washed well with water. Any degradation 
product due to cleavage of the tetrapyrrole ring 
siructure was washed out of the ether solution. When 
oxidation of the formyl group was required, the 
methyl ester was used since the carboxy porphyrin 
could afterwards be easily separated from non- 
acidic material by extraction with 1 per cent sodium 
carbonate. 

Experiments were carried out using chromium 
trioxide dissolved in acetone for the oxidation of 
hw matoporphyrin in the same solvent. With this 
system the porphyrin retained its neutral spectrum 
and the rate of oxidation of the hydroxyl group was 
much slower than with the Jones reagent, so that a 
mixture of the mono- and di-acetyl porphyrin was 
obtained. These products were readily separated by 
hydrochloric acid—ether fractionation and by alumina 
chromatography of the methyl esters. 

Specific oxidation of a primary or secondary alcohol 
or of @ formyl group was sometimes required. Man- 
vanese dioxide (prepared by the method of Atten- 
burrew #2 ed.*) in chloroform oxidized hydroxymethyl 
svoaps in the porphyrin series to formyl, hydroxy- 
ethyl groups remaining unaffected. Mono- and di- 
hydroxymethyl-deuteroporphyrin, 2-hydroxymethy] 
4-vinyldeuteroporphyrin, 2-hydroxymethyl 4-hydr- 
oxyethyl-deuteroporphyrin and porphyrin a alcohol 
were in this way oxidized to formyl compounds, the 

xy and the secondary alcohol being unaffected. 
With the 2-hydroxymethyl compounds, 50 per cent 
oxi jation took place within 1 hr., but in the case 
of compounds with the hydroxymethyl at the 4- 
position the complete oxidation required 12 hr. 
No detectable oxidation of the 3-hydroxymethy] 
group of rhodin g, alcohol was obtained with this 
reagent even after 72 hr. 

Attempts to obtain specific oxidation of hemato- 
porphyrin with aluminium-isopropoxide or butoxide, 
using acetone or cyclohexanone, under reflux, did 
not give practical yields of the di-acetyl porphyrins ; 
so that no specific method is available for the 
secondary alcohol. 

Silver oxide has been used for oxidation of alde- 
hydes? and Nicolaus* has prepared a pyrrolic acid 
with a carboxy side-chain, using silver oxide generated 
in situ. With formyl porphyrins we could not obtain 
more than a trace of the carboxy compound after pro- 
longed treatment with either silver oxide previously 
prepared or precipitated in situ in alkaline media. 

Lemberg and Parker® using potassium permangan- 
ate in acetone oxidized protoporphyrin to obtain 
chlorocraoroporphyrin and some diformyl and carb- 
oxy porphyrin, the relative proportions depending 
mainly on the concentration of the reactants. We 
thought it likely that oxidation beyond the chloro- 
cruoroporphyrin stage might be reduced if the reaction 
was carried out at room temperature. The concen- 
tration of potassium permanganate (0-64 m.mole 
in 500 ml.) and of protoporphyrin (0:17 m.mole in 
400 ml.) in acetone was the same as that found by 
Lemberg and Parker to give good yields of chloro- 

crusroporphyrin. To a solution of the porphyrin in 
acetone, potassium permanganate in the same solvent 
was added over a period of several minutes. A fine 
precipitate of manganese oxide formed after 10 min. 
or so, and oxidation was usually complete after 1 hr. 
The precipitate was spun off and the porphyrin taken 
into ether, and this washed thoroughly with water. 
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The addition of only a small amount of potassium 
permanganate resulted in the formation of formyl 
porphyrin from protoporphyrin, detectable by the 
appearance of a band at 556 my in the acetone solu- 
tion. On further addition of potassium permanganate 
this band increased in density until it was much 
stronger than the 537 mu of the remaining non-formy] 
porphyrin. But even when the potassium permangan- 
ate/protoporphyrin molar ratio was raised to 10 an 
absorption band was still visible at 537 my and this 
band was shown to be due to an oxyporphyrin (order 
of band intensity I, IV, III, II). At these higher 
concentrations of potassium permanganate some 
diformyl porphyrin was formed, but very little 
carboxy porphyrin. When chlorocruoroporpbyrin 
or porphyrin a (porphyrins which have a vinyl group 
in the 4 position!!!) were treated similarly no 
oxidation of the respective vinyl groups was effected. 

A similar resistance of the vinyl group in the com- 
pounds was found on hot oxidation with potassium 
permanganate, even when the concentration of the 
reactants was increased several-fold, although traces 
of the diformyl compound were obtained from chloro- 
cruoroporphyrin, and from porphyrin a (Lemberg, 
unpublished work). But ifthe formyl group of chloro- 
cruoroporphyrin or porphyrin a was reduced with 
borohydride prior to potassium permanganate treat- 
ment, then it was found that the vinyl group in 
these compounds was oxidized to a formyl, though 
less readily than with the 2 vinyl groups of proto- 
porphyrin. Thus a new formyl porphyrin has been 
obtained from chlorocruoroporphyrin alcohol and 
porphyrin a alcohol respectively. That from the 
latter has absorption bands III and IV at 555 mu 
and 514 my ‘respectively (ratio III/IV = 1-3) in 
ether. 

The hydroxyethyl groups of hzematoporphyrin 
were completely resistant to oxidation with potassium 
permanganate in acetone by the method outlined 
above, even on refluxing for an hour. On cold oxida- 
tion monohydroxymethyl-deuteroporphyrin yielded 
about 1 per cent of formyl] porphyrin, while refiuxing 
for 1 hr. increased this to 5 per cent, so that viny] 
groups in a hydroxylated porphyrin may be selec- 
tively oxidized by this method without the necessity 
of first protecting the hydroxy] groups by acetylation. 

From these experiments it is evident that a formyl 
exerts an inhibitory effect on the rate of oxidation of a 
double bond conjugated to the nucleus, and secondly, 
that a vinyl group in the 2 position is much more 
reactive than one in the 4 position. From the 
evidence of the manganese oxide oxidation and other 
experiments carried out in this laboratory it is likely 
that other side-chains may exhibit this increased 
reactivity when situated in the 2 position of the tetra- 
pyrrole nucleus. We propose to extend this investi- 
gation by examining the relative reactivities of 
substituents when present on different 8 positions of 
the tetrapyrrolic ring system. 

















Table 1 
| 
Substituted |Absorption bands(my)| Spectral 
deuteroporphyrin {I Il I IV | type 
| (ref. 12) 
Monoformy! monacetyl 646 587 561 521 | Aetio 
Monoformy! monohydroxyethy] 641 581 556 516} Rhodo 
Monoformyl monohydroxymethy! | 641 581 556 516 | Rhodo 
Monocarboxy monovinyl 636 581 550 512 | Rhodo 
Monocarboxy monohydroxyethy!] | 634 579 547 510 | Rhodo 
Monocarboxy monohydroxy- 
methyl | 684 578 547 510] Rhodo 
Dihydroxymethy] | 624 569 529 498] Aetio 
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Table 1 gives the position of the absorption bands, 
in chloroform, of a number of new porphyrins 
(dimethyl esters) which have been prepared in this 
study. 

This work was supported by grants from the 
National Health and Medical Research Council of 
Australia. 
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HIGH PREVALENCE OF HIGH-LEVEL s-AMINO-/ISOBUTYRIC 


ACID EXCRETORS 


IN MICRONESIANS 


By Dr. B. S. BLUMBERG 


National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda 14, Maryland 


AND 
Dr..S. M. GARTLER* 


Department of Medicine, School of Medicine, University 
of Washington, Seattle 5, Washington 


IFFERENTIAL excretion of $-amino-isobutyric 

acid is under genetic control, and family data 
indicate that a single major gene pair is responsible 
for most of the variations';?. High excretors are 
homozygous for a single recessive gene and low 
excretors either heterozygous or homozygous for the 
dominant allele. Striking differences in the preval- 
ence of high excretors in various populations have been 
demonstrated and it appears that this genetic poly- 
morphism may be of considerable value in anthropo- 
genetic investigations’. 

We are particularly interested in utilizing this 
trait to explore the genetic relationships and origins 
of various Pacific peoples and this report extends our 
observations on excretion of § amino-isobutyric acid 
to the Micronesians inhabiting the Marshall Islands. 
The fact that some of the Micronesians were exposed 
to considerable radiation in 1954 is of special interest 
here. It is known that radiation exposure can 
temporarily at least increase 8-amino-isobutyric acid 
excretion®, and the Marshallese population permits 
an examination of possible long-term effects of such 
exposure on $-amino-isobutyric acid excretion. 

The following information on the radiation exposure 
and present status of the inhabitants of Rongelap 
and Utirik was obtained from the reports of the 
Brookhaven National Laboratory*, and from Dr. 
R. A. Conard of Brookhaven National Laboratory. 

Micronesian inhabitants of Rongelap and Utirik 
atolls, Marshall Islands, were accidentally exposed to 
fallout in March 1954, following the detonation of a 
high-yield thermonuclear device during experiments 
at Bikini Atoll in the Pacific Proving Grounds. 
Sixty-four inhabitants of Rongelap received an 
estimated dose of 175 r. whole-body y-radiation, 
18 Rongelap people on Ailingnae received about 
half this dosage, and 157 of the people on Utirik 
received about 14 r. whole-body radiation. The 
exposed people were evacuated to radiation-free 
islands in the Marshalls. The Utirik inhabitants 
were repatriated soon after their evacuation when it 
was determined that the island was safe for habitation. 

* Senior Public Health Research Fellow. 


The exposed Rongelapese, as well as some 15) 
unexposed relatives, were returned to Rongelap in 
July 1957 when the radiological hazard was judged 
to have been terminated. There was, however, slight 
residual radioactivity remaining on the island, and 
the body burdens of radioactive substances, particu- 
larly of czesium-137 and zinc-65, and urinary excretion 
of nucleotides has risen. in the Rongelapese since their 
return. Both the originally exposed and the unex- 
posed people now have increased body burden, with 
no significant differences between the two groups. 
The body burden of these radionuclides is below the 
maximum permissible levels. 

Rongelap is in the western (Ralik) chain and 
Utirik in the eastern (Radak) chain of the Marshall 
Islands. Some differences in language and customs 
prevail between these two groups, but for most 
purposes the people of Rongelap and Utirik may be 
considered to be closely related racially. 

Rongelap urines from 65 exposed (including 12 
urines from individuals exposed on Ailingne), 119 
unexposed and 4 unidentified people were collected in 
plastic bottles containing thymol preservative. The 
sample represents 75-7 per cent of the population of 
the village at the time of the visit. The sexes were 
equally represented, and the ages of the subjects 
varied from 3 years to more than 70 years. In some 
cases, several members of the same family were 
included, and some kinships suitable for genetic 
analysis were available. Eighteen samples randoml\ 
selected on Utirik were also studied. The urines wer 
kept at 4° C. and shipped in refrigerated containers to 
Seattle for analysis. Studies were completed 2—3 
weeks after collection of specimens. Determinations 
of B-amino-isobutyric acid were carried out by high- 
voltage electrophoresis on paper’ and creatinine was 
determined by the alkaline-picrate method. 

During the course of the medical evaluation of the 
Rongelapese by Conard and his associates, the body 
burdens of nucleotides were determined*. Through 
the courtesy of Dr. $8. Cohn of the Brookhaven 
National Laboratory, who performed these measure- 
ments, the body burdens of cesium-137 and zine-65 
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Fig. 1. Frequency distributions of urinary excretion-rates of 
B-amino-isobutyric acid of Marshall Islanders (Rongelap) and 
U.S.A. Whites 


of the individuals on whom determination of 8-amino- 
isobutyric acid had been made were supplied to us. 
The availability of these data gave us an opportunity 
to determine if these low levels of radioactivity had 
any effect on the excretion of B-amino-isobutyric acid. 

In Fig. 1 the frequency distribution of $-amino- 
isobutyric acid excretion for the Rongelapese is 
presented. A similar histogram for a New York City 
white population is included for comparative pur- 
poses. The two distributions are essentially com- 
plementary to one another, and if superimposed 
exhibit bimodality with the antimode in the neigh- 
bourhood of 1-75. Taking this point as the division 
between high and low excretors, it is estimated 
that nearly 90 per cent of the Rongelapese are high 
exeretors. A breakdown of this population into 
exposed and unexposed groups shows almost identical 
mean §-amino-isobutyric acid excretion values for 
the two categories (exposed 2-07 + 0-06 and unex- 
posed 2-10 + 0-04). A scatter plot between ceesium- 
137 levels and B-amino-isobutyric acid-level shows no 
correlation (Fig. 2), and a similar plot between 
zinc-65 levels and §-amino-isobutyric acid shows no 
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correlation either. The mean $-amino-isobutyric acid 
excretion level for 18 Micronesians, who were on 


‘ Utirik at the time of the atomic explosion and there- 


fore not exposed to significant radiation, was 2-21 + 
0-13, which is extremely close to the mean value 
reported for the Rongelapese above. 83 per cent of 
the Utirik people were high excretors, and this is not 
significantly different from the prevalence in the 
Rongelap group. A number of families are included 
in the Rongelap data (that is, father, mother and at 
least one child), and of them the high excretor by 
high excretor matings are the only ones with signifi- 
cant genetic information. There were 11 such 
matings with a total of 31 offspring (29 high excretors 
and 2 low excretors). One of the low excretor off- 
spring was illegitimate, as determined by blood group 
data, leaving one unexplainable exception to genetic 
hypothesis. 

Rubini e¢ al.’ have recently demonstrated that 
B-amino-isobutyric acid excretion can be a sensitive 
indicator of radiation exposure. The mechanism 
involved is probably the same as that underlying the 
effect of nitrogen mustard on §-amino-isobutyric 
acid excretion’. Such agents markedly increase 
breakdown of deoxyribonucleic acid ; the thymine 
thus released is effectively converted to $-amino- 
‘sobutyric acid in man?’ and excreted into the urine 
since no appreciable tubular re-absorption of $-amino- 
‘sobutyric acid occurs®. It is unlikely that the high 
prevalence of high-level {$-amino-isobutyric acid 
excretors found in Rongelap is due to radiation. The 
identical average 8-amino-isobutyric acid values in the 
exposed and unexposed group precludes the possibility 
that the elevation is due to the fallout exposure in 
1954, and it appears that there is no long-term effect 
of radiation exposure (at the levels received on 
Rongelap) on {-amino-isobutyric acid excretion. 
The lack of correlation with the cesium-137 and 
zinc-65 body burdens rules against the elevation 
being due to the present radiation-level. The nearly 
identical values in the Utirik group who received a 
very small dose of radiation, and who have much 
lower body burdens of radionuclides, is also con- 
sistent with the thesis that a high prevalence of the 
gene underlying $-amino-zsobutyric aciduria is respon- 
sible for the observed §-amino-‘sobutyric acid 
excretion-rate. The expression of the normal genetic 
difference is probably due to differential metabolism 
of 8-amino-isobutyric acid by high and low excretors’. 


mg BAIB 
mg CREATININE 
Fig. 2. Urinary f-amino-isobutyric acid excretion (log mgm. 
B-amino-isobutyric acid/mgm. creatinine) versus body-load of 
cxsium-137 (ue.) 
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The level of B-amino-isobutyric acid excretion among 
the Marshallese is the highest yet reported for any 
population. Blood group’ and other anthropological 
data on these people suggest a south-east Asiatic 
origin for them which, if true, predicts a high B-amino- 
isobutyric acid level for the populations of that region. 
Studies of some Asiatic populations have given 
relatively high $-amino-isobutyric acid values, which 
suggest that there may be an Asian focus for the 
high 8-amino-isobutyric acid excretor gene. We are 
at present sampling other Asian populations to 
determine if this is true and to find some clue to the 
population dynamics affecting this polymorphism. 


Table 1. FREQUENCY OF HIGH EXCRETORS IN VARIOUS POPULATIONS 


| | 





Percentage of " | 
Ref. 








| 
Population | Sample size high excretors 
| U.S.A. Whites , 218 10-2 { oa | 
| Alaskan Eskimo | 120 23-3 | 4 
| Alaskan Athabascan 
Indians | 25 56-0 4 


Apache Indians | 110 59-2 2 | 
Rongelap Islanders | 


(Marshallese) 188 H 86-0 ——_ 
| Utirik Islanders | 
(Marshallese) 18 | 83-0 — 
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REPLICATION OF TOBACCO MOSAIC VIRUS 


By STAFF of the HENRY SHIAW SCHOOL OF BOTANY and the ADOLPHUS 
BUSCH lil LABORATORY of MOLECULAR BIOLOGY 


Washington University, St. Louis, Missouri 


Kinetics of Virus Protein and 
Ribonucleic Acid Biosynthesis 


By Pror. BARRY COMMONER, Dr. JAMES A. 
LIPPINCOTT and Dr. JANEY SYMINGTON 


ROPOSALS regarding the mode of replication of 

a virus must be consistent with evidence on the 
biosynthesis of the virus substance. In the case of 
tobacco mosaic virus, it is known that both the 
protein and ribonucleic acid parts of the virus ribo- 
nucleoprotein are synthesized de novo in the infected 
cell from low molecular weight precursors! ; but this 
result places only a relatively slight restriction on 
theories of replication. In the present article we 
report isotope experiments which describe the rates 
of synthesis of tobacco mosaic virus protein and 
ribonucleic acid at various times during the infection 
process and the biosynthetic origin of protein and 
ribonucleic acid residues that occur in different parts 
of the virus rod. The results lead to a more detailed 
characterization of biosynthesis of tobacco mosaic 
virus and thereby provide further limitations on 
possible theories of replication of tobacco mosaic 
virus, the consequences of which are considered in an 
article which follows. 

In these experiments nearly mature leaves of NV. 
tabacum (var. White Burley) plants were inoculated 
with the standard Johnson strain of tobacco mosaic 
virus and maintained thereafter at constant illum- 
ination averaging about 500 foot-candles, and a tem- 
perature of 24°C. At a given interval after inocula- 
tion about 40 gm. of blade tissue was removed from 





the inoculated leaves and exposed to carbon dioxide 
labelled with carbon-14 (0-07 per cent in air, 33 x 
10° c.p.m./mgm. carbon) under about 500 ft.-candles 
of illumination for measured periods of time. Un- 
labelled 5 per cent carbon dioxide was then flushed 
through the system for a period of 10 min. The leaf 
tissue was then frozen in liquid nitrogen and the 
virus isolated by procedures described previously’. 

Tobacco mosaic virus purified by 6 cycles of 
alternate low-speed centrifugation (2,500g, 1 hr.), 
and ultracentrifugation (105,000g, 1 hr.), several 
isoelectric precipitations and dialysis exhibits a con- 
stant carbon-14 level on reprecipitation. Since the 
virus protein is 95 per cent of the mass of tobacco 
mosaic virus and (as will be shown below) the specific 
activity of virus ribonucleic acid is somewhat less 
than that of whole virus, the specific activity of 
whole tobacco mosaic virus may be taken as repre- 
sentative of the specific activity of the virus protein. 
To determine the specific activity of virus ribonucl:ic 
acid without interference from tobacco mosaic virus 
protein it is convenient to convert it to nucleotides. 
For this purpose ribonucleic acid is isolated from the 
virus by the heat method’, and hydrolysed in 0:3 MV 
potassium hydroxide for 18 hr. at 37°C. The solution 
is acidified to pH 2, and the nucleotides adsorbed on 
charcoal, which is then washed twice with distilled 
water. The nucleotides are then eluted from the 
charcoal by two portions of 1 per cent ammonium 
hydroxide in ethanol, and separated by paper elect”o- 
phoresis‘. 

The virus content (V) per gram (wet weight) of 
infected leaf was determined by methods described 
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HOURS AFTER INOCULATION 


ig. 1. Tobacco mosaic virus content of tobacco leaf tissue at 

various times after inoculation with tobacco mosaic virus. The 

oints are derived from mature leaves removed from separately 

afected plants at the indicated time after inoculation. Plants 

vere maintained at 24° C.,and about 500 ft.-candles of continuous 
illumination following inoculation 


earlier®. Fig. 1 shows the virus content of the infected 
leaf at various times after inoculation. The curve is 
a typical one for White Burley tobacco leaves under 
these experimental conditions’. From this curve it 
is possible to estimate the increment in virus content 
(AV) which occurs in the leaf during the time of 
isotope incorporation. Since these times (3-45 min.) 
are very short relative to the overall time-course of 
virus synthesis (several hundred hours), the amount 
of new virus synthesized during isotope incorporation 
is a small part (less than 1 per cent) of the virus 
present, so that AV cannot be measured directly. 
However, the rate of virus formation in the tissue 
(Ks) can be estimated, for any given time after 
inoculation, from the slope of the curve of Fig. 1. 
Within the short period of isotope incorporation 
(At) this rate is, in effect, constant, so that AV can 
be estimated from the relationship : 


AV = K, At (1) 


The value of AR, the amount of virus ribonucleic 
acid synthesized during the time At, can be determ- 
ined in the same way, the ribonucleic acid content of 
tobaceo mosaic virus being about 5-2 per cent. 
Accordingly, for any given infected tissue exposed 
to labelled carbon dioxide for a period of time, Af, it 
is possible to determine the values of V, AV, S, (the 
specifie activity of the total virus), and S, (the 
specifie activity of virus ribonucleic acid). A series 
of such measurements have been obtained from virus 
isolated from leaf tissue which had been removed 
from infected plants at various times after inocula- 
tion, and then exposed to labelled carbon dioxide for 
one or more periods of time between 3 and 45 min. 
The results, which are plotted in Fig. 2, show that 
within a relatively narrow range of variability, the 
ilues of S,V/AV and S;V/AV are proportional to 
if the latter does not exceed 30 min. 
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We may therefore state that : 

S»V - 

—— = K,At 2 

AV v (2) 
and 

S,V 

AV 


where K, and K;, are, for the present, designated 
simply as the relevant constants of proportionality. 

The significance of this observation is apparent 
from the following considerations. Tobacco mosaic 
virus, once formed, is metabolically inert!. Hence, in 
these experiments only the virus synthesized during 
the period of isotope incorporation contains carbon-14, 
and its isotope content is diluted by the pre-existing 
unlabelled virus. Hence : 


= K, At (2a) 





S» V 


av (3) 


Sav — 
and 
SV 
AV 
where AV is the amount of virus newly formed in 
time, At, S, y is the specific activity of newly formed 
virus, and S,p is the specific activity of the ribo- 
nucleic acid in the newly formed virus. The observa- 
tions reported in Fig. 2 and the empirical relation- 
ships expressed in equations (2) and (2a) mean that 
the specific activities of the total mass of the newly 
formed virus (which may be equated with its protein) 
and of its ribonucleic acid increases linearly with the 
time of incorporation of labelled carbon dioxide. 
K, and K,, which are constant with variations in 
time after inoculation, therefore, represent the rates 
at which the protein and ribonucleic acid comple- 
ments of newly formed tobacco mosaic virus increase 
in specific activity. 

These conclusions lead to certain further charac- 
terizations of the biosynthetic process, Since tobacco 
mosaic virus is metabolically inert, the amount of 
carbon-14 present in the virus formed during a given 
period of isotope incorporation (C,) is equal to the 
amount of carbon-14 present in the source material 





Sar = (3a) 
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Fig. 2. Relationship between the specific activity of protein and 
ribonucleic acid in newly formed tobacco mosaic virus and time 
of incorporation of labelled carbon dioxide. Specific activity of 
newly formed protein is determined from the quotient SeV/AV. 
Specific activity of newly formed ribonucleic acid is determined 
from S,V/A V (see text for details). Closed circles, protein values ; 
open circles, ribonucleic acid values. Numbers near individual 
points indicate the number of hours after inoculation with tobacco 
mosaic virus when leaf tissue was removed from plant and 
exposed to labelled carbon dioxide. Lower solid line and lower 
broken line indicate maximum intercepts on At axis that are 
compatible with the data. Data are derived from tissues described 
in Fig. 1, all of which were ae under the indicated uniform 
conditions 
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converted into virus during that period. Hence C, 
will reflect the specific activity, Sp, of the pool of 
source material. Tobacco mosaic virus is synthesized 
from material common to the normal cellular meta- 
bolic pool, and we may expect the mass of this pool 
to remain relatively constant during the brief period 
of incorporation of carbon-14. In this case, Sp will 
increase from its initial value of zero linearly with 
At, so that : 

Sp = k,At (4) 
where k,, is the rate of increase in specific activity of 
the metabolic pool that serves as a source of virus 
substance. 

The rate of change of C, with time will depend on 
Sp and on the rate at which substance is transferred 
from the metabolite pool to virus. The latter rate is 
identical with the rate of tobacco mosaic virus syn- 
thesis, K,, so that: 


dc, 
d At 





= S,K, = k, AtK, 
and 
dC, = k-K, At dAt 


Therefore, on integration between the limits C, and 
C, = O and At and At = 0: 
: a = 
C, = > K, (At)? (5) 
Since the isotope content of the virus is the product 
of its mass (V’) and specific activity (S,) : 
: wie Tees 
Cy = SpV = = Kz (At)? 
However, from equations (1) and (2) it is known 
also that : 


S,V = K_K, (At)? 
so that: 
K, = © (6) 


Analogous considerations with regard to k,, the rate 

at which the metabolic precursors of virus ribonucleic 

acid increase in specific activity, lead to the con- 

clusion that : 

K, = k, (6a) 
2 

These results show that the empirical observations 
expressed in equations (2) and (2a) are an expected 
consequence of the kinetic relationships between the 
tobacco mosaic virus in infected tissue and the 
metabolic precursors of virus protein and ribonucleic 
acid. They also serve to specify quantitatively the 
parameters which connect the rate of increase in 
specific activity of virus substance, and the rate of 
increase in the specific activity of its immediate 
precursors. 

The most probable sources of tobacco mosaic virus 
protein and ribonucleic acid are the free amino-acids 
and ribonucleotides of the leaf. To test the relation- 
ships just described, we have in two instances 
estimated the values of k, and k, by determining the 
levels of carbon-14 attained by the free amino-acids 
and ribonucleotides found in virus-infected tobacco 
leaf after 30-min. periods of incorporation of labelled 
carbon dioxide. 

The source material relevant to virus protein syn- 
thesis is that mixture of free amino-acids which is 
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Table 1. SPECIFIC ACTIVITIES OF FREE AMINO-ACIDS ISOLATED FROM 
TOBACCO MOSAIC VIRUS-INFECTED TOBACCO LEAF 
| 
| | Preparation I Preparation II | 
| Percent | Specific | Specific | Specific | Specific | 
Free of TMV | activity | activity x | activity | activity ~ | 
amino-acid | protein |(¢.p.m.x | percent |(¢.p.m.x | percent | 
10-* per | of TMV | 10-*per | of TMV | 
mgm.C)| protein | mgm.C)]| protein | 
Aspartic | 13:8 331 46 305 42 
Glutamic 11-0 942 | 104 61 of 
Serine 6-9 2,332 161 2,181 151 
| Glycine | 2-1 | 184 | 4 329 7 
| Threonine | 9-7 254 25 206 20 
| Alanine | 4:8 | 137 7 62 3 
| Total | | 347 230 
Total | | 
TMV | 100 722 478 








Free amino-acids were isolated from extracts prepared by homo- 
genizing frozen leaf tissue after 30 min. of incorporation of labelled 
carbon dioxide in the light (followed by 10 min. of excess normal 
carbon dioxide) in 80 per cent ethanol. Amino-acids were purified by 
adsorption and elution from ‘Dowex 50’, and then separated by paper 
chromatography in a phenol—water solvent (pH 12). Streaks repre- 
senting individual spots were localized by means of a ninhydrin 
spray, and theneluted. Amino-acid content of eluates was determined 
by Moore and Stein’s quantitative ninhydrin method (ref. 10) and an 
aliquot counted for carbon-14 activity. Individual counts were in the 
range of 40-6,000 ¢.p.m., on amounts which varied from 0:4 to 
12 wgm. Preparation I was isolated from infected tissue at 126 hr. 
after inoculation, and Preparation IT at 146 hr. after inoculation 





identical in composition to tobacco mosaic virus 
protein. However, it was possible to isolate in 
quantities sufficient for analysis of carbon-14 only 
six free amino-acids, which in aggregate account for 
48 per cent of the virus protein. Their specific 
activities when isolated from two separate batches of 
leaf after 30 min. assimilation of labelled carbon 
dioxide are reported in Table 1. The weighted mean 
specific activities for this amino-acid pool yield an 
average specific activity, for the two cases, of 
600 +. 120 e.p.m. x 10°* per mgm. of amino-acid 
carbon. 

Corresponding results for ribonucleic acid are shown 
in Table 2. In each experiment it was possible to 
isolate only two of the required four free ribo- 
nucleotides. However, since the specific activities of 
each nucleotide in the virus ribonucleic acid were 
determined, the missing values may be estimated on 
the assumption that the relative specific activities of 
the nucleotides in ribonucleic acid reflect the differ- 
ences among the free ribonucleotides. In the two 
experiments it was found that after 30 min. of 
incorporation of labelled carben dioxide, the average 
specific activity of the pool of free ribonucleotides 
relevant to biosynthesis of virus ribonucleic acid is 
180 + 60c¢.p.m. x 10-* per mgm. carbon. 

From the foregoing results we may estimate the 
values of k, and k, as 20,000 + 4,000 and 6,000 — 
2,000 c.p.m./mgm. of carbon/min., respectively. As 
indicated earlier, on the assumption that virus 
protein and ribonucleic acid are synthesized from free 
amino-acids and ribonucleotides, respectively, these 
values of ky and k, should be twice the values of 
K, and K,. 

Table 3 reports the values of K, and K, derived 
from the specific activities of tobacco mosaic virus 
isolated from the tobacco leaf at various times after 
inoculation. The values are relatively constant. The 
mean value of K, is 8,722 + 617; the mean value 
of K, is 1,818 + 174 e.p.m./mgm. of carbon/min. 
Within the range of analytical variation inherent in 
the rather limited data on free amino-acids and 
ribonucleotides, these values conform to the relation- 
ships expected from the considerations summarized 
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Table 2. SPECIFIC ISOLATED FROM TOBACCO MOSAIC VIRUS 





Specific activity—c.p.m. x 10-* per mgm. C 








| 
| 
Preparation II | 
| 























! 
| Molar | Preparation I | 
ratio in —— I | 
Nucleotide TMV | Specific activity | | | Specific activity 
RNA Virus RNA Free leaf of free nucleotides | Virus RNA Free leaf of free nucleotides 
nucleotides nucleotides x nucleotides nucleotides x 
| molar ratio | | molar ratio 
Cytidylic acid 18-5 0-065 41 | 8 | 0-048 (21) (4) 
\denylic acid 29-5 1-006 591 | 174 0-408 176 j 52 
Guanylie acid 26-0 | 0:175 (103) | (27) 0-325 j (140) | (36) 
Uridylicacid | 26-0 0248 | (146) | (38) | 0-075 | 81 | 21 
Total RNA | 100 | 247 | | | 113 
| t } 





ree ribonucleotides were isolated from an extract prepared by homogenizing infected leaf (after 30 min. of incorporation of labelled carbon 
dioxide in the light and 10 min. of normal carbon dioxide) in 0-6 M perchloric acid. Ribonucleotides in the neutralized extract were purified by 
chromatographic separation on a ‘Dowex 1’ column. Fractions obtained by this means were then further purified by adsorption and elution 
trom charcoal and by paper electrophoresis; the last two steps being repeated to yield the final sample for carbon-14 determination. Carbon-14 








on the 
activities of the respective free ribonucleotides. 


in equations 1-6a. This result tends to validate the 
biosynthetic mechanism which these equations 
describe. A major feature of this mechanism of 
biosynthesis of tobacco mosaic virus is that the rates 
of synthesis of virus substance from the relevant 
precursors are identical with K,, the rate at which 
tobacco mosaic virus appears in the tissue in its 
completed extractable form. It would appear, 
therefore, that throughout the period of the infection 
process encompassed by our results, tobacco mosaic 
virus rods are formed about as fast as their protein 
and ribonucleic acid constituents’ are synthesized 
from free amino-acids and ribonucleotides. These 
observations suggest that throughout the infection 
process the rates of synthesis of tobacco mosaic virus 
protein and ribonucleic acid are in the ratio of their 
respective contributions to the virus mass, and are 
synchronized with the process which achieves the 
formation of the completed virus rod. 

In an effort to explore further the mechanism of 
virus synthesis, we have investigated the distribution 
of carbon-14 in various linear regions of the virus 
rod. In a previous paper® we reported means for the 
removal of measured linear sections of protein and 


were in the range of 6-127 ¢.p.m.; amounts of nucleotides counted were in the range of 0-40-1-2 ugm. Nucleotides were isolated from 
mosaic virus extracted from the same tissue samples according to methods described in the text. Figures in parenthesis are estimated 
assumption that the relative specific activities of the 4 nucleotides in virus ribonucleic acid are in the same proportion as the specific 


ribonucleic acid from one end of the tobacco mosaic 
virus rod. Protein is removed by means of a graded 
series of treatments in a detergent solution. A cor- 
responding terminal section of the virus ribonucleic 
acid fibre is thereby exposed, all or part of which can 
then be removed by incubating the rod in pancreatic 
ribonuclease or snake venom diesterase. 

Some of the labelled tobacco mosaic virus prepara- 
tions isolated during the course of the foregoing 
experiments were analysed in further detail by means 
of this technique. Protein representing measured 
terminal sections of the total length of the tobacco 
mosaic virus rod was removed and the carbon-14 
specific activities determined. From the differences 
between the sizes and specific activities of successively 
larger terminal sections one can calculate the carbon- 
14 specific activities of serial segments of the rod. 

Results of such analyses are shown in Fig. 3. 
These show that the distribution of carbon-14 in the 
virus protein is not uniform along the length of the 
rod. Excess carbon-14 is found in the more distal 
segments of the rod, especially in the first 5-10 per 
cent of its length. The disproportionate accumulation 
of carbon-14 in terminal sections is most pronounced 



















































































Table 8. CALCULATION OF ‘RATES OF INCREASE, WITH TIME OF CARBON-14 INCORPORATION, IN SPECIFIO ACTIVITIES OF TOBACCO MOSAIC 
VIRUS PROTEIN (Ke) AND RIBONUCLEIC ACID (Ky) 
ia es et | | ai eke t v5 ae 
y | K, AV So Sr Ke= EK, 
_ Hr. after (mgm. of TMV | (mgm. of TMV At (mgm.of TMV} (c.p.m. per (e.p.m. per ue e : F 
inoculation carbon per carbon per (min.) carbon per mgm. TMV mgm. TMV SoV/AV At SrV/AV At 
gm. leaf) hr.) | gm. leaf) carbon) RNA carbon) } 
88 0-14 | 0-004 30 0-0020 3,720 676 8,683 | 1,577 
118 oss =| 0013 | 45 | 0-0097, 8,200 | — 7,082 | oh 
140 0-70 | 0-015 5 0-0013 | 90 | ~ 9,692 | — 
| ! 10 0-0025 360 _— | 10,082 — 
| 30. | = -0-0075 | 1,662 | 550 7,262 | 1,711 
“145 0-64 “| 0-015 | 3 | 0-0007 | 36 | 8 | 10,809 | 2,438 | 
168 0-98 |; oo | 15 | 06-0033 | 565i | 41,192 CS! ne | 
30 | 00065 | 1,920 | 520 | 9,651 2,613 | 
172 114 =| S(O 012 10 =| 00020 | 125 | 28 | 7,125 1,595 
| 20 | 0-0040 480 | 99 6,840 1,411 | 
213 1-54 0-005 21 | 0:0017 | 240 | -- | 10,336 = 
| | 41 | 0-0034 | 535 | 125 5,910 } 1,381 | 
Sete +i ~ Average: 8,722 (4617) 1,818 (4174) 


V is the virus content of the infected leaf; K, is the rate of increase in virus content determined from a plot of V against hours after 





inoculation (see Fig. 1); At is the time of incorporation of labelled carbon dioxide in the light (in each case followed by a 10-min. period of 
incorporation of normal carbon dioxide in the light). AV is the increment in virus content during the time At. calculated from the values of. 
K,and At; Svis the specific activity of tobacco mosaic virusisolated from the tissue, which is equivalent to the specific activity of virus protein ; 
S, is the specific activity of virus ribonucleic acid, determined from the specific activities of the nucleotides isolated from the ribonucleic acid ; 
Kv and Ky, are respectively the rate of increase in the specific activities of protein and ribonucleic acid in the newly formed tobacco mosaic virus 
and have the dimension ¢.p.m. per mgm. tobacco mosaic virus carbon per min. 
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UNEAR POSITION IN TMV ROD 


Fig. 3. Carbon-14 levels in successive linear sections of virus 
protein isolated from four tobacco mosaic virus preparations. 
The figure is based on specific activities found in successively 
longer terminal sections of virus protein removed from tobacco 
mosaic virus by the procedure described in the text. Bars repre- 
sent specific activities of indicated linear segments calculated 
from the differences between the specific activities of successively 
longer terminal segments. Linear position is determined from 
the percentage of total virus protein represented by the given 
terminal segment 


where relatively short periods of labelled carbon 
dioxide incorporation are employed. Where the time 
of incorporation is longest (45 min.) the carbon-14 
distribution is nearly uniform. 

Corresponding investigations of the virus ribo- 
nucleic acid fibre were restricted by the relatively 
small amounts of material available. However, 
single terminal segments of the virus ribonucleic acid 
representing from 5 to 10 per cent of the total ribo- 
nucleic acid fibre have been analysed. Results of 
these experiments, reported in Table 4, show that, 
like the protein, the ribonucleic acid fibre also 
exhibits an excess of carbon-14 in the terminal 
sections. 

As shown earlier, the specific activity of the pre- 
cursor materials from which tobacco mosaic virus 
protein and ribonucleic acid are synthesized increases 
with time after onset of labelled carbon dioxide. 
Hence the simplest explanation of the excess carbon- 
14 found in terminal sections of the virus rod is that 
these sections are synthesized later than the basal 
portions of the rod. This result suggests that the 
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condensation of precursors of low molecular weight 
to form virus protein and ribonucleic acid occurs in a 
linear mode, so that biosynthesis represents an in- 
crease in the length of the rod. Added to the earlier 
results on the kinetics of virus ribonucleic acid and 
protein synthesis, this conclusion suggests that 
tobacco mosaic virus is formed by a process which 
involves the synchronous extension of both protein 
and ribonucleic acid in the direction of the long axis 
of the virus rod. 

It was the aim of these studies to derive evidence 
on biosynthesis of tobacco mosaic virus which might 
help establish new restrictions on theory regarding 
the mechanism of replication of tobacco mosaic virus. 
In what follows, the characteristics of biosynthesis 
of tobacco mosaic virus indicated by the foregoing 
experiments, which relate to this aim, are summarized. 

(1) Tobacco mosaic virus is synthesized de novo. 
The present results confirm earlier observations, 
based on incorporation of nitrogen-15, phosphorus-32, 
as well as carbon-14, which showed that synthesis of 
tobacco mosaic virus occurs de novo, in the sense that 
the proximal sources of virus substance are low 
molecular weight residues, which are in turn in 
metabolic contact with carbon dioxide, ammonia and 
phosphate!.’-*. The new results represent the shortest 
time-scales employed in such studies. They show 
that within a 3-5 min. period after onset of labelled 
carbon dioxide, labelled carbon penetrates the entire 
sequence of biochemical events beginning with carbon 
dioxide and ending with extractable high molecular 
weight rods of tobacco mosaic virus nucleoprotein. 

(2) The maximum time required for the synthesis of 
a tobacco mosaic virus rod is about 5 min. ; unfinished 
virus never exceeds about 0:1 per cent of the tobacco 
mosaic virus in the leaf. The results in Fig. 2 lead to 

an approximation of the maximum time required to 
accomplish the unique steps in the biosynthesis of 
tobacco mosaic virus. Generally, virus biosynthesis 
may be represented by non-specific steps (assimilation 
of carbon, nitrogen and phosphorus, formation of 
requisite amino-acids and ribonucleotides) followed 
by processes uniquely associated with biosynthesis of 
tobacco mosaic virus, that is, synthesis of specific 
virus protein and ribonucleic acid, and their assembly 
into the final virus rod. 

In their unassembled form, the virus protein and 
ribonucleic acid may be regarded as pools which are 
supplied by the relevant metabolite precursors and 
which are depleted only by formation of the finished 
tobacco mosaic virus rod. Carbon-14 supplied in the 
torm of labelled carbon dioxide must pass throuzh 

































































Table 4. SPECIFIC ACTIVITIES OF TERMINAL SEGMENTS AND RESIDUAL PoRTIONS OF TOBACCO MOSAIC VIRUS PROTEIN AND RIBONUVLEIC 





ACID 
| 
Protein RNA 
Length Specific Specific | Length Specific Specific | 
TMV Mem. TMV Min. of | of activity activity of activity activity | 
preparation (per gm. “CO, terminal of terminal of residual terminal of terminal of residua! 
tissue) | segment segment portion segment segment portion 
removed (c.p.m. per (¢.p.m. per removed (c.p.m. per (c.p.m. per 
(per cent) mgm. C mgm. C) (per cent) mgm. C) mgm. C) 
1A 2-2 10 14-4 150 123 | 11-6 96 28 
1B 22 20 13-5 744 474 11:1 640 99 
3 1-9 30 9-8 2,537 1,904 6-6 1,650 540 
4 2-9 40 13-3 7 | 507 | 8-9 312 90 
' | 


Protein segments were obtained by the method described in the text. The terminal segment represents the low molecular weight pro‘cin 
sub-units which are separated from the residual high molecular weight protein of the virus rod by ultracentrifugation. Thelength of the terminal 
segment is determined by Folin analysis of the protein content of the ultracentrifuge supernate. Ribonucleic acid terminal segments were 
removed by treating protein-stripped rods with snake venom diesterase ; the percentage of ribonucleic acid removed was determined from the 
nucleotide content (measured by ultra-violet absorption) of the ultracentrifuge supernate after the enzyme treatment. Ribonucleic acid was 
extracted from the residual portion of the virus rod by the heat method. — 
nucleotides, and the carbon-14 contents determined as described in the text. 
The range for ribonucleic acid samples was 2-44 ¢.p.m. 


Both terminal and residual ribonucleic acid were converted to 
Counts of separate protein samples were in the range 7-96 c.).m. 
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these pools before it appears in tobacco mosaic virus 
nucleoprotein. When the time of labelled carbon 
dioxide assimilation, At, is sufficiently long, the carbon 
in these pools approaches the specific activities of the 
materials entering them. When Ai is very small, 
the unlabelled substance of the pool of unassembled 
parts dilutes the entering isotope so that the pool’s 
specific activity is appreciably less than that of the 
entering material. 

As already indicated in these experiments the 
specific activity of metabolites increases with At. 
In these circumstances we may expect the specific 
activity of the pool of unassembled parts to increase 
at a rate which is proportional to that of the entering 
material when At is relatively large. However, 
when At is very small, the specific activity of 
the pool substance will increase at a smaller and 
accelerating rate. These effects will be reflected by 
the specifie activity of the newly formed virus, which 
may be viewed as an aggregate of unassembled parts. 

This means that in a plot of Say (or Sar) against 
At, such as Fig. 2, the initial part of the curve should 
show an accelerating rate of increase in Say which 
finally becomes constant. The intercept of the linear 
part of the curve on the A¢ axis is an estimate of the 
time required for the pool of unassembled parts to 
approach the specific activity of its precursors. This 
value is, approximately, the average time which 
carbon entering the pool spends in it before leaving 
as a completed tobacco mosaic virus rod. In general, 
the intercept approximates the time required to 
synthesize the virus protein and ribonucleic acid and 
to assemble them into the tobacco mosaic virus rod, 
although no exact relationship can be given without 
knowing the mechanisms involved. 

It is clear from Fig. 2 that given the experimental 
errors involved in determining Say, the expected 
intercept is so close to zero as to be unascertainable. 
However, the results do permit an estimate of the 
largest intercept consistent with them. This is shown 
in Fig. 2 as the lower lines drawn through the protein 
and ribonucleic acid values. For both Say and Sar 
the maximum intercept is about 5 min. The time 
required to synthesize a tobacco mosaic virus rod 
(ta) is therefore between zero and 5 min.; con- 
siderably more refined measurements will be needed 
for a closer approximation of the true value. The 
time for rod synthesis lies between these limits 
throughout the period of the infection process that 
was studied. 

The maximum value of éq (that is, 5 min.) defines 
the maximum size of the pool of unassembled virus 
components (P), since P = Kgtg. At 140 hr. after 
inoculation, when K, is at a maximum (0-615 mgm. 
of tobacco mosaic virus carbon per gm. of leaf per 
hr.), the maximum value of P is about 0-001 mgm. 
of carbon per gm. of leaf, or about 0-1 per cent of 
the tobacco mosaic virus present. 

Thus, the individual biosynthetic event appears to 
be very short compared to the time-scale of the 
overall course of tobacco mosaic virus synthesis in 
infected tissue (Fig. 1). This suggests that the 
observed variations in the total rate of tobacco 
mosaic virus synthesis with time after inoculation 
reflect changes in the number of active biosynthetic 
siies in the leaf. The virus enters the leaf through 
relatively few cells, the infection spreading radially 
from these foci?!. It is to be expected, then, that 
with increasing time after inoculation the number of 
cells in which tobacco mosaic virus biosynthesis is 
active will at first increase exponentially, reach a 
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maximum and then decline as the leaf becomes fully 
infected, and the first-infected cells stop forming 
virus. The amount of unassembled virus parts, 
though very small, is expected to vary in proportion 
to the changing number of biosynthetically active 
sites. 

(3) Virus protein and ribonucleic acid complements 
are synthesized from their respective precursors (free 
amino-acids and ribonucleotides) concurrently, at 
approximately equal rates. Fig. 2 shows, from isotope 
data, that the rate of biosynthesis of the virus 
protein and ribonucleic acid complements are pro- 
portional to each other throughout the period of the 
infection process included within the period 88-213 
hr. after inoculation. This relationship is expressed 
more explicitly in Fig. 4, which includes, in addition 
to Une data of Fig. 2, further observations made with 
iniected tissue cultured under conditions different 
from those employed in the major part of our experi- 
ments. It was found also that the ratio between the 
carbon-14 levels of protein and ribonucleic acid 
isolated from a given preparation of labelled virus 
approximates the ratio of the specific activities of 
the amino-acids and ribonucleotides found in the 
infected leaf. It would appear, then, that the protein 
and ribonucleic acid complements of a given tobacco 
mosaic virus rod are synthesized at approximately 
equal rates, or considered as mass of substance, at 
rates which are in the approximate ratio in which the 
substances occur in tobacco mosaic virus. Since the 
carbon-14 level varies with time of labelled carbon 
dioxide assimilation this relationship may be ex- 
pressed in temporal terms as well. In effect, the 
observations show that the protein and ribonucleic 
acid found in fhe virus newly formed during the 
course of the isotope experiment are synthesized 
from their respective low molecular weight pre- 
cursors at about the same time. This result, together 
with the preceding conclusion, means that the 
formation of tobacco mosaic virus in its final form 
is synchronized with the concurrent biosynthesis of 
its constituent protein and ribonucleic acid from 
their respective low molecular weight residues. _ 

(4) At least near one end of the rod tobacco mosaic 
virus protein and ribonucleic acid are synthesized by a 
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Fig. 4. Relative rates of tobacco mosaic virus protein and ribo- 

nucleic acid synthesis as determined from the respective specific 

activities. These data include those presented in Fig. 2, together 

with additional] points derived from tobacco mosaic virus prepara- 

tions isolated from leaves cultured under conditions different 
from those described in the legend for Fig. 1 
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process of linear extension. This conclusion follows 
from the disproportionate distribution of carbon-14 
among the protein sub-units found in successive 
positions along the length of the rod. While the 
ribonucleic acid data are lacking in detail, they 
indicate that both virus protein and ribonucleic acid 
exhibit parallel linear variations in carbon-14 levels. 

When added to the earlier results, this suggests that 

the ribonucleic acid and protein found in a given 

segment of the rod are probably synthesized con- 
currently from their precursors. 

These conclusions set certain limitations for 
possible mechanisms of tobacco mosaic virus replica- 
tion. In the following article proposed explanations 
of tobacco mosaic virus replication are re-examined 
with regard to the degree to which they conform to 
these requirements. 

The work reported in this article was supported by 
grants from the Rockefeller Foundation and from 
the National Foundation. We wish to thank Mrs. 
Ellen E. Richman and Miss Clarice Strode for 
assistance in this work, and Dr. Thomas Hollocher 
for suggestions regarding the treatment of kinetic 
data. 
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A Re-examination of Theories 
By Pror, BARRY COMMONER 


THE preceding article has presented evidence, 
derived from isotope studies of the biosynthesis of 
tobacco mosaic virus, which places certain restrictions 
on proposals regarding the mode of replication of this 
virus. In the present article the implications of these 
new requirements for the theory of tobacco mosaic 
virus replication are considered. 

Tobacco mosaic virus is a hollow cylinder com- 
posed of a single fibre of ribonucleic acid held in a 
helical form in the interstices between sequential 
turns of a helical array of ovoid protein sub-units, 
each of molecular weight 17,000—18,000 (ref. 1). The 
empirical datum of replication is that infection of a 
suitable cell by a tobacco mosaic virus rod results in 
the biosynthesis of new rods which resemble the 
inoculum. 

The evidence reported in the preceding article 
leads to the following conclusions regarding tobacco 
mosaic virus biosynthesis: (1) The protein and 
ribonucleic acid found in a given virus rod, and 
probably in a given linear segment of the rod, are 
formed concurrently from low molecular weight 
precursors. (2) The time required to synthesize a 


tobacco mosaic rod is not more than about 5 min. 
(3) The amount of unfinished virus in the leaf never 
exceeds about 0-1 per cent of the completed tobacco 
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mosaic virus present. (4) The disproportionate dis- 
tribution of carbon-14 incorporated into ribonucleic 
acid and protein found in successive linear segments 
of the virus rod suggests that the rod is formed by a 
process of linear extension. (5) These relationships 
hold for the time 88-213 hr. after inoculation, a 
period in which most of the virus that infected tissue 
can produce appears in an extractable form. Changes 
in the total rate of tobacco mosaic virus synthesis 
(per gm. of leaf) that occur during this period reflect 
corresponding changes in the number of sites of 
tobacco mosaic virus biosynthesis, resulting from the 
spread of the infection among the leaf cells. 

Consideration of some general attributes of protein 
and ribonucleic acid biosynthesis adds further par- 
ticulars to this specification of the spatial and tem- 
poral relationships that govern the replication of 
tobacco mosaic virus. Comparison of isotope-levels 
of amino-acids and ribonucleotides found free in the: 
infected leaf with those in the newly formed tobacco 
mosaic virus nucleoprotein indicate that these 
residues are closely related, and perhaps identical, to 
the precursors of virus protein and ribonucleic acid. 
Current biochemical evidence concerning protein 
synthesis in general indicates that polymerization of 
amino-acid residues to form protein occurs in close 
connexion with ribonucleic acid?. This suggests that 
the specific amino-«cid sequence in tobacco mosaic 
protein is governed by the structure and nucleotide 
sequence of a specific ribonucleic acid. In the absence 
of contrary data, it is simplest to assume that this 
ribonucleic acid is the virus ribonucleic acid. 

Thus, in the synchronous linear synthesis of virus 
ribonucleic acid and protein, the specificity of one 
part of the process, protein synthesis, depends on the 
character of the second component, ribonucleic acid. 
However, if the matter is pursued further, we find 
that the biochemical competence of the virus ribo- 
nucleic acid in turn appears to depend on the virus 
protein. 

Formal evidence to support this view can be 
derived from the structure of tobacco mosaic virus. 
Each tobacco mosaic virus rod contains a single fibre 
of ribonucleic acid. A single strand of polynucleotide 
is incapable of maintaining a specific secondary 
structure. Once released from the constraints imposed 
by the surrounding protein sub-units, the virus 
ribonucleic acid collapses into a random coil in which 
hydrogen bonds serve to bind various segments of 
the fibre to one another*. Randomly coiled fibres, 
which comprise the greater part of ribonucleic acid 
preparations, are probably biologically inactive‘. 

If virus ribonucleic acid is to regulate the specific 
sequence of amino-acids found in tobacco mosaic 
virus protein, it must meet two requirements: (1) 
the ribonucleic acid fibre must be accessible to the 
approach of suitably activated amino-acid residues ; 
(2) the ribonucleic acid fibre must retain a specific 
secondary structure, to ensure that a given region of 
the fibre will present a specific chemical configuration 
to the approaching residues. 

Ribonucleic acid contained within the virus rod 
fulfils the requirement for structural specificity but 
is not accessible to the approach of protein precursors. 
On the other hand, ribonucleic acid freed from the 
tobacco mosaic virus rod has the necessary access- 
ibility to metabolites, but being a single strand is 
subject to structural collapse and thereby fails to 
provide for configurational specificity. 

There is a possible escape from this dilemma : that 
the germinal competence of virus ribonucleic acid is 
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associated with a segment of the fibre which is 
attached to an underlying array of protein sub-units. 
In this condition the ribonucleic acid fibre, or at 
least a part of it, is both accessible and specifically 


structured. Such a configuration can be achieved, 
for example, by removing the terminal layer of 
protein sub-units from an end of the virus rod. This 
exposes the terminal turn of the ribonucleic acid 
fibre. which, being bound to the underlying protein 
sub-units, can retain its normal structural arrange- 
ment. 

In this view, virus ribonucleic acid regulates the 
specificity of protein synthesis but can function in 
this way only when its own configuration is estab- 
lished by attachment to virus protein. The biological 
competence of tobacco mosaic virus would then 
depend mutually on _ protein and_ ribonucleic 
acid. 

At first glance this view would appear to be dis- 
proved by the observations that ribonucleic acid 
preparations isolated from tobacco mosaic virus are 
slightly infectious, while purified preparations of 
tobacco mosaic virus protein are wholly inactive’. 
However, on closer examination the situation is seen 
to be somewhat different. While there is consider- 
able evidence that ribonucleic acid is necessary for 
the infectivity of these preparations (for example, 
inactivation by ribonuclease), there is as yet no 
evidence that it is alone sufficient for biological 
activity. The infectivity-levels of isolated ribonucleic 
acid preparations are two orders of magnitude less 
than those exhibited by either natural tobacco 
mosaic virus nucleoprotein, or by reconstituted 
nucleoprotein. Ribonucleic acid preparations are 
heterogeneous by several criteria, the major part of 
the infectivity being associated with a component 
that represents about 1-10 per cent of the ribonucleic 
acid present’. Takahashi et al.* find that the most 
infectious electrophoretic fractions of ribonucleic acid 
preparations also contain the greatest amounts of 
associated protein. If it is assumed that in a ribo- 
nucleic acid preparation only those fibres which are 
associated with some protein are biologically active, 
the protein content of such preparations is sufficient 
to account for the presence of 4-50 protein sub-units 
per active ribonucleic acid strand’. It can be shown 
also that the low infectivity of ribonucleic acid 
preparations is not due to inefficient invasiveness 
resulting from susceptibility to degradative enzymes. 
Reconstitution, which restores the proper ribonucleic 
acid configuration, contributes directly to infectivity 
rather than simply protecting the inherent activity 
of the ribonucleic acid from inactivation during 
invasion’, Furthermore, when part of the virus 
protein is removed, so that the ribonucleic acid fibre 
becomes susceptible to enzymatic attack in vitro, the 
rod retains a relatively high level of infectivity®. 

The available evidence suggests that virus ribo- 
nucleic acid, like tobacco mosaic virus protein, is a 
necessary but not sufficient condition for virus 
activity. At the least, there is in these data no 
commanding reason to preclude the proposal that 
the biological activity of tobacco mosaic virus, or of 
infectious materials derived from it, depends jointly 
on the presence of intact fibres of ribonucleic acid, 
and at least a few protein sub-units. 

_ These considerations may be summarized as 
follows: (a) the experimental data on biosynthesis 
show that tobacco mosaic virus formation involves 
the synchronous extension of the virus ribonucleic 
acid fibre and of its helical array of protein sub- 
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units ; (b) the structural properties of tobacco mosaic 
virus and its constituents suggest that replication 
requires the specific participation of both virus ribo- 
nucleic acid and protein. 

These conclusions preclude any proposal regarding 
tobacco mosaic virus replication that requires 
asynchrony greater than a few minutes between the 
synthesis of ribonucleic acid and protein found in a 
given virus rod, or the accumulation of unassembled 
virus parts in amounts which are significant relative 
to the tissue’s content of completed virus. A recent 
proposal of this type based on determination of the 
biological activity of differential extracts of infected 
leaf is that a store of infectious ribonucleic acid 
accumulates 10-50 hr. after inoculation, being later 
depleted as virus protein is synthesized and con- 
densed around the ribonucleic acid fibres®. The 
isotope data described in the preceding article show 
that a replicative process of this type cannot account 
for the tobacco mosaic virus produced 88-213 hr. 
after inoculation, when the greater part of the virus 
appears in tissue extracts. It is possible that two 
different types of replication occur, the earlier one 
being governed by asynchronous synthesis of virus 
ribonucleic acid and protein. Isotope data on this 
phase of the virus growth curve, which are not avail- 
able as yet, may help to resolve the discrepancy. 

An alternative type of replicative scheme, pro- 
posed in a preliminary form in an earlier publication”, 
conforms more closely to the requirements discussed 
above. This scheme is not complete, and does not 
describe the initial phases of the replication process. 
that is, the events initiated in the cell by the entering 
inoculum. Rather, the scheme relates only to those 
phases of replication in which the bulk of the virus 
found in infected leaf is synthesized from low mole- 
cular weight precursors. 

This scheme proposes that in tobacco mosaic virus 
replication the germinal agent may be represented 
by a single turn of the virus ribonucleic acid fibre 
attached to a layer of protein sub-units. This struc- 
ture becomes accessible when a terminal layer of 
protein units is removed from one end of the tobacco 
mosaic virus rod, a process which might represent 
the first step in infection. Where infection is induced 
by a ribonucleic acid preparation, the agent of 
infection might be represented by a terminal segment 
of a ribonucleic acid fibre which remains attached to 
several protein sub-units, thereby providing an 
arrangement similar to that found at the exposed 
end of a tobacco mosaic virus rod. 

Fig. 5A is a schematic representation of such a 
structure. It shows a single turn of the ribonucleic 
acid helix, comprising 48 nucleotides, attached to 
the surface of the 16 1/3 protein sub-units which 
also comprise a single turn. In this arrangement the 
structural configuration of the ribonucleic acid fibre 
is determined by its attachment to the surfaces of 
the protein sub-units. 

Fig. 5B represents the second phase of the pro- 
posed process, in which amino-acid residues in an 
appropriately activated form become attached to 
the exposed segment of ribonucleic acid. It is pre- 
sumed that the sequence of amino-acids bound to 
the ribonucleic acid segment will depend on the 
nucleotide sequence in the segment, and on its con- 
figuration. The diameter of the ribonucleic acid 
helix is about 80A., and the contour length of a 
single turn is about 250 A. A polypeptide chain in 
the configuration of an «-helix has an axial trans- 
lation of 1-5 A. per residue, so that a helix 250A. 
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Fig. 5. Drawings to illustrate successive stages in the scheme of biosynthesis of tobacco 


mosaic virus proposed in the text. 


The drawings are schematic and only approximately to scale. 


long overall will contain about 167 residues!!. Hence 
@ single turn of the virus ribonucleic acid fibre will 
accommodate a polypeptide «-helix comprising about 
167 amino-acid residues. This is the approximate 
size of the polypeptide unit contained in a single 
virus protein sub-unit. It is proposed, then, that 
a single turn of the virus ribonucleic acid fibre 
provides the locus for the initial polymerization 
of the amino-acids found in a single virus protein 
sub-unit. 

Fig. 5C illustrates the results of the next stage in 
the proposed scheme, in which the newly formed 
polypeptide chain becomes detached from the ribo- 
nucleic acid fibre and, after suitable folding, assumes 
the tertiary configuration characteristic of the virus 
protein sub-unit. It will be noted that the terminal 
sub-unit represents a step dislocation in the crystal- 
like array of protein sub-units'*. It is proposed that 
the newly formed sub-unit takes its place at the step 
dislocation, thereby extending the helical array by 
an additional member. The newly formed sub-unit 
becomes the terminal unit in the rod, but unlike the 
other units is not, at first, associated with attach- 
ed ribonucleic acid. Furthermore, as it falls into 
place the new sub-unit covers the three proximal 
nucleotides of the terminal ribonucleic acid seg- 
ment. 

It is proposed, next, that the ribonucleic acid chain 
is extended by the terminal acquisition of three new 
nucleotides. These become added to the ribonucleic 


acid fibre and, being bound to the free surface of the 
last-formed protein sub-unit, assume the appropriate 
structural configuration. In this manner the terminal 
exposed section of the ribonucleic acid fibre is 
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The view represents the end of a tobacco mosaic 
virus rod in process of formation. Sectional segments represent protein sub-units, small 
spheres represent the ribonucleotide residues, and the helical structure in B represents 
the polypeptide chain of a single protein sub-unit iu ihe configuration of an a-helix. 
Indications of surface 
structure on the protein sub-units are wholly arbitrary 
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restored to its full complement of 
48 nucleotides (see Fig. 5D). 

Comparison of Figs. 5A and 5D 
shows the overall result of the 
proposed process: both the ribo- 
nucleic acid fibre and the helical 
array of protein sub-units have 
been extended lengthwise by 
synchronous’ synthesis from 
amino-acid and nucleotide resi- 
dues. Repetition of this process 
accomplishes a progressive length- 
ening of the virus rod. ‘The 
process is, however, not a uni- 
formly repetitive event. The syn- 
thesis of each new protein sub- 
unit and the subsequent extension 
of the terminal ribonucleic acid 
segment causes a change in the 
nucleotide composition of the 
exposed ribonucleic acid segment. 
In each replicative event this seg- 
ment loses three nucleotides at 
one end, and gains three nucleo- 
tides at the other end. Thus, the 
formation of each protein sub- 
unit alters, slightly, the nucleotide 
sequence of the segment of ribo- 
nucleic acid which governs the 
synthesis of the next protein 
sub-unit. This change might, for 
example, »e reflected in a slight 
variation of the amino-acid 
sequence in the next protein 
sub-unit that is formed. In turn, 
the altered structure of the 

newly formed protein sub-unit 
might influence the choice of the new nucleotides 
that become attached to its surface when the ribo- 
nucleic acid fibre is extended. Such a cyclical 
interaction between successive biosynthesis of protein 
sub-units and of extension of the ribonucleic acid 
fibre could result in a gradual and harmonic variation 
in the composition of both components. One result 
of this process may be the appearance of periodic 
weak points which disrupt the extension of the virus 
rod, thereby detaching tobacco mosaic virus rods of 
a given length. 

The foregoing scheme provides for the simultaneous 
synthesis of virus ribonucleic acid and protein from 
low molecular weight residues. It proposes a linear 
extension of both the ribonucleic acid and protein 
yarts of the virus. In these respects it provides a 
model which is in keeping with the experimental 
observations on the biosynthesis of tobacco mosaic 
virus protein and ribonucleic acid described in the 
preceding article. 

Certain features of the proposed mechanism may. 
be of interest apart from their possible applicability 
to tobacco mosaic virus replication. Most pro- 
posals regarding the mechanism of nucleic acid 
replication, especially those derived from the proposed 
double-helical structure of deoxyribonucleic acid”, 
have two chief distinguishing features. (1) Replic:- 
tion is conceived to occur in a mode which is later! 
to the nucleic acid fibre, the ordering of new nucle- 
tide residues being accomplished by forces, extended 
in a lateral direction, which lead to the establishment 
of specific hydrogen bonds!*. (2) The nucleic acid is 
supposed to be a self-sufficient agent, neither protein 
nor any other genetically specific substance being 
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required for the replicative process. Configurational 
specificity is inherent in the double-stranded struc- 
ture, which unlike a single polynucleotide fibre can 
maintain a rigid geometrical arrangement. This 
structure is itself a hindrance to the accessibility 
toward approaching nucleotide residues that is a 
necessary prelude to replication, and various hypo- 
thetical schemes have been put forward to permit 
such access without undue loss of configurational 
stability™. 

The general features of the replicative scheme 
described in Fig. 5 contrast with the above. (1) The 
rijonuecleic acid fibre is single, and is therefore not 
capable of achieving a specific configuration apart 
from association with protein. (2) Replication of the 
ribonucleic acid fibre is viewed as a@ linear process. 
Duplication of the original fibre’s nucleotide sequence 
is not accomplished by direct lateral complement- 
arity, but by the instigation of the required pattern 
of selection of new terminal nucleotides. (3) Replica- 
tion of the ribonucleic acid fibre is not a self-sufficient 
property of ribonucleic acid itself, but depends on 
the participation of protein. This requirement 
emerges directly from the single-stranded character 
of the ribonucleic acid fibre. It also results from the 
need for a mechanism which can provide for specific 
selection of terminal nucleotides. 

In the proposed scheme for linear replication of 
tobacco mosaic virus specific nucleotide selection 
may be provided as follows: The protein sub-unit 
acquires an amino-acid sequence which reflects the 
nucleotide sequence of a given segment of ribonucleic 
acid. The sub-unit’s tertiary configuration, we may 
assume, is in turn dependent on this amino-acid 
sequence, so that the surface properties of the sub- 
unit are indirectly determined by the nucleotide 
sequence in the ribonucleic acid segment. Finally, 
the specific properties of the protein sub-unit surface 
are the means for determining the identity and 
sequence of the three new nucleotides added to the 
ribonucleic acid fibre. Hence, in this view the 
sequence of forty-eight nucleotides in the terminal 
segment of the ribonucleic acid fibre determines the 
sequence of three nucleotides added to the free end 
of the segment; but in this determination the pro- 
tein sub-unit serves as a genetically specific, and 
essential, intermediate. From information theory 
it should be possible to derive suitable quantitative 
rules for the determinative properties of such a 
system, 

This type of replicative scheme is specifically 
adapted to the participation of a single-stranded 
polynucleotide. In this connexion its applicability to 
the single-stranded form of deoxyribonucleic acid 
recently discovered in a bacteriophage’* may be of 
interest. 

The foregoing scheme may be cast in alternative 
forms. One such form’ proposes that the protein 
sub-unit by analogy with the reading head of a tape 
recorder “serves as @ movable unit which ‘reads’ or 
develops the structure of the otherwise structureless 
ribonucleic acid as it becomes associated with suc- 
: ‘sive portions along the length of the nucleic acid 
chain’’, 

The proposed scheme offers a possible explanation 
for the relationships between the amounts of ribo- 
nucleic acid and protein in tobacco mosaic virus. 
The virus rod contains a ribonucleic acid fibre made 
f about 6,000 nucleotide residues and about 2,000 
protein sub-units. If it is assumed that all the 
protein sub-units are wholly identical with respect to 
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amino-acid sequence, then the replicative information 

required to specify the whole protein structure of 

tobacco mosaic virus relates only to the number 
of amino-acid residues in a single sub-unit—about 

150. Clearly the 6,000 nucleotide sequence of the 

total ribonucleic acid fibre is an excessively complex 

source of determinative information for this purpose. 

On the other hand, if each protein sub-unit were 

unique with regard to amino-acid sequence the 

nucleotide sequence in a single ribonucleic acid fibre 
would be insufficient to serve as a determinative 
agent for the entire assemblage of 2,000 sub-units. 

Reality may lie somewhere between these two 

extremes ; that is, protein sub-units have a consider- 

able part of their amino-acid sequences in common, 
but differ in some respects. This condition is con- 

sistent with the scheme described in Fig. 5. 

The foregoing discussion shows that both the new 
results on the course of tobacco mosaic virus bio- 
synthesis, and consideration of the relation between 
the structure of tobacco mosaic virus and the formal 
requirements of replication, place similar restrictions 
on theories of replication. The major requirement is 
that in tobacco mosaic virus replication biosynthesis 
of virus protein and ribonucleic acid, and formation 
of their specific structural arrangement in the virus 
rod, proceed in synchrony. A formal consideration of 
the geometry of the tobacco mosaic virus rod shows 
that there is no way of meeting this requirement 
other than by means of linear extension of the 
tobacco mosaic virus rod. Linear analysis of isotope 
distribution within the rod offers the first direct 
experimental evidence that tobacco mosaic virus 
biosynthesis may proceed in this fashion. However, 
these results, like those which tend to support 
alternative schemes, are insufficiently detailed or 
decisive to establish a specific explanation of the 
mechanism of tobacco mosaic virus replication. It is 
to be hoped that the more detailed requirements 
which can now be placed on proposed mechanisms of 
tobacco mosaic virus replication will suggest new 
experiments which may provide evidence that favours 
decisively one proposal or another. 

The preparation of this and the preceding article 
has had tho benefit of valuable discussions with Dr. 
Alfred M. Holtzer. I wish to acknowledge also the 
support of grants from the National Foundation and 
the Rockefeller Foundation. 
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LETTERS TO THE EDITORS 


RADIOPHYSICS 


Two Anomalies in the Behaviour of the F2 
Layer of the lonosphere 


fHIS communication is concerned with the anomal- 
ois behaviour of the F2 layer in the following two 
respects : (1) the ‘geomagnetic anomaly’ pointed out 
by Appleton ; (2) an unexpected diurnal asymmetry. 

New light is thrown on these two phenomena by 
consideration of‘ the electron distributions (N(h) 
curves) which are now available for several places?-‘. 

The geomagnetic anomaly. Appleton®* noticed that 
if /)F2 is plotted against magnetic latitude or dip at 
noon at the equinox, the resulting curve shows a 
trough extending roughly over the range of magnetic 
latitudes +20°. In Fig. 1, the values of electron 
density, N, calculated for a series of different heights 
for local noon at equinox in a year of high sunspot 
number, are plotted against the magnetic dip together 
with values of NF2. The values plotted for N are 
the averages for a number of magnetically quiet days, 
generally the ten International Quiet Days of the 
month. The overall accuracy is estimated to be about 
5 per cent. The observatories for ? 
which the points are plotted are 
listed in order of magnetic dip 
in Table 1. 

It is at once clear that the 
geomagnetic anomaly represent- 
ed by the equatorial dip in the 
curve for N»F2 is also evident 
for other heights, but that the 
anomaly extends much farther 
from the magnetic equator as 
lower heights are investigated. 

Very similar curves were ob- 
tained from results of observa- 
tions made at 09.00 and 15.00 hr. 
local time. 

The diurnal asymmetry. It is q 
well known that the diurnal 
changes in the F2 region can be 
quite different in different places 
and it is difficult to describe them 
in any comprehensive way. We 
have, however, noticed an inter- 
esting diurnal asymmetry which 
appears to be world-wide, and 
which therefore may have some 5«:0'm, 
significance towards the formula- L 
tion of an approximate theory of | 
the F layer. 
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Table 1. DETAILS OF THE STATIONS FOR WHICH V(t) DATA WERE 


AVAILABLE 
N(h) profiles for stations marked C were computed at the Cavendish 


Laboratory. The results for stations marked S were taken from ref. 3 
and those for station A from ref. 4. 


Station Source Geographic Geographic Magnetic 
latitude longitude dip 

Thule Cc 76° 31’ N. 68° 50’ W. 86° N. 
Godhavn , 69° 15’ N. 53° 30’ W. 82° N. 
Point Barrow Cc 71° 08’ N. 156° 48’ W. 86° N. 
Washington Ss 38° 44’ N. 77° 08’ W. 72° N. 
Inverness 8 67° 27’ N. 4° 15° W. (Ss ae. A 
Slough Cc 51° 30’ N. 00° 36’ W. 67° N. 
Adak Cc 51° 54’ N. 176° 39’ W. 63° N. 
San Francisco e 37° 26’ N. 122° 10’ W. 62° N. 
Puerto Rico Cc 18° 30’ N. 67° 12’ W. 51-5° N. 
Panama S 9° 23’ N. 79° 53’ W. 38-5° N. 
bogota Cc 4° 32’ N. 74° 15’ W. 32° N. 
Talara Ss 4° 34’ S. 81° 15° W. 13° N. 
Chimbote Cc 9° 04'S. 78° 35’ W. TN: 
Hwuancayo S 12° 03’ S. 0:5° N. 
Port Stanley Cc 51° 42’ S. 46-5° S. 
Por: Lockroy ( 64° 50’ S. 58° S. 
Christchurch K 43° 34’ S. 68° S. 
Wilkes Cc 66° 25’ S. 82° 8. 














A search was made for a ye 
possible diurnal asymmetry by a 2s CER SS aoe sar E 
comparing the values of electron e ee pcm, as ae ee 
density, N, at a series of fixed o] ee . a ree we 
heights, h, observed at 09.00 and . a ee ae ee ee a ee . 
1.00 hr. local time. Let us 90 70 50 30 10 O 10 30. 50 70 90 
denote these values by ®*N;, and °N. Magnetic — dip s. 

Vx. On a simple theory in which all movements of 
© ectrons are ignored, it may be expected that 15N,, Fig. 1. Variation with magnetic dip of the mean quiet electron 


will be greater than ®N;, because of the finite life-time 
‘ the electrons. Valueso f 15N and °®N for a series of 


i; 


ifferent heights are plotted against magnetic dip in 
Figs. 2 and 3. 


density N at a series of fixed heights in the F regiou at local noon 

in September 1957. The zero of the scale for the electron density 

at each height is marked. The average peak electron density 

NmF2 is shown as the top curve in the diagram. The stations used 
are listed in order of decreasing magnetic dip in Table 1 
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heights i in the F region in September 1957 is shown by continuous 
lines ( x) at 0900 hr. L.M.T. _ a broken lines (©) at 1500 hr. 
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Fig. 3. Curve a shows the variation with magnetic dip of NmF2 

at 09.00hr. L.M.T. (continuous line, A) and 15.00 hr. L.M.T. (broken 

line, A) in September 1957. Curve 6 shows the variation with 

magnetic dip of N at 300 km. at 09.00 hr. (continuous line, x) and 
at 15.00 hr. L.M.T. (broken line, ©), in the same month 


For heights in the F'1 region, for example, 160 km. 
(see curve a, Fig. 2) it will be seen that 1°N is greater 
than °N, as would be expected on a simple theory. For 
greater heights, however, 1°N is less than *N, the 
precise opposite of what would be expected ; more- 
over, this inequality is apparent at all latitudes up to 
about 80° (curves 6, c, d, Fig. 2). It will also be 
noticed from Fig. 3, curve a, that the behaviour of 
NmF2 is different from that of N;,F2. It is possible 
that the anomalous behaviour of N;, mentioned here 
is not observed at the greater heights (Fig. 3, curve 
b). There are, however, insufficient data to test this 
possibility. 
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Similar results were obtained from a comparison of 
14N;, and 1°N, for those stations for which data were 
available. Thus the general statement can be made 
that, at the heights mentioned, the pre-noon electron 
densities are greater than the corresponding afternoon 
ones. 

The anomaly is clearly well-established for the 
equinox in a year of high sunspot number. There is 
some evidence that at equinox in years of low sunspot 
number the diurnal asymmetry tends to disappear, 
and that at lower latitudes the morning peak is re- 
placed by a large peak in the evening. 

An examination of other International Geophysical 
Year data available at the present time* for 
Washington, Panama, Talara, Huancayo, for July 
1957—-March 1958 indicates that this anomaly 
is present in all seasons for all heights for which 
results are available in the F2 layer at Talara, 
Huancayo and Washington for each month from July 
1957 to March 1958. The anomaly is also present at 
Panama in equinox and winter, but results for July 
and August 1957 show that although it still occurs in 
the lower F2 region, at the greater heights a large 
increase in Nj; oceurs in the evening. At this time, 
large changes of height occur in the equatorial 
ionosphere. 

Further data at other seasons and other epochs of 
the sunspot cycle are required to establish precisely 
the extent of the diurnal asymmetry. 

We wish to thank the Director of the Radio 
Research Station, Slough, and Mr. A. H. Shapley and 
the staff of the World Data Centre, National Bureau 
of Standards, particularly Mr. 8. Ostrow, for the loan 
of h’(f) records. This work was carried out with the 
aid of a grant from the Department of Scientific and 
Industrial Research. 
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ASTROPHYSICS 


The Temperature required for Nuclear 
Reactions in Cosmical Electrical Dischargas 


BELLASCHI and Mason showed in 1937 that t'e 
magnetic pinch effect will cause a pressure rise at t!1e 
axis of an electrica! discharge which is proportional ‘0 
the product of the current and the current density 
Both these quantities will decrease outwards beyoid 
some point in the long discharges which I have 
suggested4 are, for example, the cause of the emissi »n 
lines in the spectra of the red or long-period variab 0s 
and in some extra-galactic nebule. There will, the e- 
fore, be a pressure gradient along the ‘magne'ic 
tubes’, so to describe them, formed by these discharge 
channels, and a flow of gas along them. The veloc ty 
of this flow will ultimately be the velocity of sound in 
ionized atomic hydrogen at the gas temperatu-e. 
which can be derived from the spectrum of tue 
discharge—as can also the gas velocity, from tie 
Doppler shift of the lines. Table 1 shows the agros- 
ment between this theory and observation. 
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le 1. GAS TEMPERATURES AND VELOCITIES IN COSMICAL 
ELECTRICAL DISCHARGES 


Temperature (°K.) Velocity (km./sec.) 


Source Theory Observation Theory Observation 
lL. ng-period 5,000° 8-5 9 (ref. 3), 
.ariable stars _— to to 11 (ref. 2a) 
10,000° 12 
Combination ~10*° (ref. 4) 110 (ref. 2b) 
vectra star 4x10°° (Fe VII, oa 
i{X Persei) Fe X (?)) 
I. tra-galactic 10°°~10°° _ 1,700 1,800 to 
bule to 4,250 (ref. 5) 
5,400 3,000 (ref. 6) 
3,500 (ref. 8) 


First, as regards the long-period variables’®: the 
s temperatures lie between 5,000°K. and 10,000°K., 
the velocities will be in the range 8-5-12 km. per 
Merrill*2 has observed an average value of 11 km. 
r sec. and Joy3, also at Mt. Wilson, an average of 
} km. per sec., from two groups of this type of star. 
Secondly, the combination-spectra star, AX 
Porseit¢: though these stars are similar to the long- 
period variables—that is, they have a low ‘surface’ 
temperature of one or two thousand degrees, and 
€ 
] 


Mm wT 
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itside this an extensive atmosphere which could 
close the whole solar planetary system ; neverthe- 
ess, the lines in its spectrum indicate gas velocities of 
110 km. per sec.**, As the velocity of sound only 
increases as the square root of the temperature, this 
means that the discharge temperature must reach 
about 400,000°K. This surprising conclusion is con- 
firmed by the emission lines*, which include lines of 
Fe VII and even possibly Fe X, and establish the 
existence of temperatures of this order. 

It seems to me that the only limit to this increase in 
temperature as the scale of these discharges is in- 
creased, is that set by the attainment of temperatures 
at which nuclear reactions will occur in cosmic gas. 
This temperature will probably be between 10*° and 
10°°K., and this is what has been assumed to give the 
third row of Table 1. That being so, the velocities one 
expects in these galactic discharges should, on this 
view, lie between 1,700 and 5,400 km. per sec. This 
is almost exactly the range of velocities deduced by 
Seyfert® from the line-widths in the spectra of 
emission patches in a group of extra-galactic nebule. 
Again, in the radio-source NGC 1275, which is usually 
regarded as a pair of colliding galaxies, but which I 
have suggested!¢ is a nebula in which the major 
electrical discharge is occurring which forms the 
spiral arms, the velocity of the jet of gas generated by 
the discharge is again about 3,000 km. per sec.°. 

The electron velocities corresponding to these gas 
velocities are 7-3 x 10° to 2-3 x 101° cm. per sec., and 

» explain the existence of the ‘relativistic’ electrons 
required to account for the radio-noise emitted by 
these jets’. 

It may be recalled, too, that, though no velocities 
approaching 3,500 km. per sec. are observed at or near 
the surface of the Sun, this is the velocity reached by 

me of the particles entering the atmosphere of the 
arth during aurore*. On the electrical discharge 
‘theory of these magnetic storms, which I put forward 
5 years ago, the particles have been accelerated by 
‘he discharge en route from Sun to Earth to these 
velocities. 

These considerations suggest that, under the 
onditions in these electrical discharges in cosmical 


«tmospheres, consisting mainly of hydrogen, nuclear 


reactions occur freely at a temperature of about 


£00 million degrees absolute. 


C. E. R. Bruce 
!Sleetrical Research Association, 
Leatherhead, 
Surrey. 


NATURE 





2005 


1 Bruce, C. E. R., (a) ‘A New Approach in AGT ene and Cosmogony’ 


( 
(London, 1944) ; 3 (b) Observatory, 77. 7 (1957) ; (c) Observatory, 
77, 153 (1957) ; (d) E.R.A. Report Ref. Z/T117, 1958, ‘Evolution 
of Extra-Galactic Nebule and the Origin of Metagalactie Radio 


Noi 

. Merrill, , (a) Astrophys. J., 93, 397 (1941) ; (6) Astrophys. J., 
99, 481 (9 44). 

3 Joy, A. H., Astrophys. J., 96, 141 (1942). 

* Swings, P., and Struve, 6. Astrophys. J., 91, 546 (1940). 

5 Seyfert, C. K., Astrophys. a8 es 28 (1943 

® Baade, W., and Minkowski, ne Astrophys. BE 119, 215 (1954). 

, Shklovsky, I. S., Proc. Int. Astron. Un., 1956, Paper No. 36, p. 205 
(Camb. Univ. ” Press, 1957). 

® Meinel, A. B., Astrophys. J., 113, 50 (1951). 


CRYSTALLOGRAPHY 


Structure of Precipated Cadmium Sulphide 
as studied by Single-Crystal Electron 
Diffraction Pattern 


CapmivuM sulphide crystallizes in two modifica- 
tions : a cubic B-form (hawleyite! ; zinc blende-type) 
and a hexagonal «-form (greenockite ; wurtzite-type). 
According to Milligan®, the former tends to be pre- 
cipitated from cadmium nitrate (or sulphate) solutions 
and the latter from cadmium chloride (or bromide, 
iodide) solutions. Now, in the course of electron 
diffraction investigations of the action of a number 
of aqueous heavy metal salts upon a number of 
sulphide mineral surfaces’, cadmium sulphide in 
single-crystal orientation has been obtained on a 
cleavage face of galena (sodium chloride-type cubic ; 
cleavage, {001} ) exposed to an acidic cadmium salt 
solution. The function of galena in this surface 
reaction is supposed to lie, first, in supplying sulphur 
ions to the solution by dissolving, leading to the 
precipitation of cecmium sulphide, and, secondly, in 
assigning an epitaxy to the precipitate without 
modifying its nature. Electron diffraction reflexion 
methods were used to discriminate between the two 
modifications of the precipitate. The results are 
summarized below. 

(1) With cadmium nitrate solutions (pH adjusted 
with nitric acid) 8-cadmium sulphide is formed. Its 
cubic lattice is parallel to that of the substrate, 
and involves, in addition, twins with respect to 
<111> 8-CdS (polar axes ; parallelto <111>PbS in 
this case) (Fig. 1). 

(2) With cadmium chloride solutions (pH adjusted 
with hydrochloric acid) «-CdS is formed. In its 
dominant epitaxy a-axis is parallel to <111>PbS 
and c-axis (polar axis) is approximately parallel to 
<111>PbS (diffraction pattern similar to Fig. 2). 

(3) When a small amount of cadmium nitrate is 
added to cadmium chloride solution (Fig. 2), the c-axis 
of a-CdS tends to become strictly parallel to 
<111>PbS. With further addition of the nitrate 
the crystal structure of the precipitate changes from 
a- to B-cadmium sulphide. This change occurs when 
the ratio, nitrate/chloride, is of the order of 100, 
showing that a minute amount of chloride is suffi- 
cient to precipitate cadmium sulphide in the hexa- 
gonal form. The elongation of some of the diffraction 
spots of Fig. 3, which correspond to the above ratio, 
is interpreted as being due to the repeated stacking 
faults‘ along the polar axes of both crystals (in this 
case they are strictly parallel to each other, both 
being parallel to <111>PbS). The formation of 
this type of hybrid between both crystals under such 
conditions is to be expected from their intimate 
crystallographic relation to each other. 

(4) Addition of a neutral salt, potassium nitrate 
or chloride, to the solutions does not modify the 
essential features of the above results; that is, 
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(3), (4) 


Fig. 1.  8-Cadmium sulphide in the parallel epitaxy together 
with its twins with respect to <111>-CdS indicated by the 
arrows; parallel to <111>PbS). Beam parallelto <110> PbS. 
Treatment of galena cleavage face: cadmium nitrate 0:1, 
pH 1-7, room temperature, 30 min. 
Fig. 2. a-Cadmium sulphide in its dominant epitaxy, where 
(c-axis)a-CdS (indicated by the arrows)~parallel to <111> PbS. 
Beam parallel to <110> PbS. Treatment of galena cleavage face : 
cadmium 0-1 N (nitrate/chloride = 1/3), pH 1-7, room tempera- 
ture, 20 hr. 


Fig. 2. Cadmium sulphide at transient stage between the a-form 

of Fig. 2 and 8-form of Fig. 1. Polar axes of both crystals are 

indicated by the arrows. Beam parallel to <110>Pb8. Treat- 

ment of galena cleavage face: cadmium 0-1 N (nitrate/chloride 
- 75), pH 1-7, room temperature, 20 hr. 


Fig. 4. a-Cadimium sulphide grown on nuclei of $-cadmium 

sulphide (c-axis)a-CdS (indicated by the arrows) parallel to 

<111>PbS parallel to <111>PbS. Beam parallel to <110>Pbs. 

Treatment of galena cleavage face: cadmium nitrate 0-1 N, 

room temperature, 3 hr., and afterwards cadmium chloride 
0-1 N, pH 1-7, room temperature, 24 hr 


nitrate prefers 8-cadmium sulphide, chloride a- cad- 
mium sulphide, and at a very high value of the 
nitrate/chloride ratio the hybrid cadmium sulphide 
appears as the transient form of the change between 
a- and $-cadmium sulphide. 

(5) The cleavage face, on which a small amount 
of 8-cadmium sulphide had been formed with cad- 
mium nitrate solution, was then treated with cad- 
mium chloride solution. «-Cadmium sulphide was 
formed with its c-axis strictly parallel to < 111>8-CdS 
(parallel to <111> PbS) (Fig.4). Taking into account 
the parallelism of the c-axis with <111>PbS, as 
described in (2) and (3), the present «-cadmium 
sulphide crystal is presumed to have grown on nuclei 
of cadmium sulphide. When the order of the treat- 
ments is reversed, «-cadmium sulphide serves in turn 
as nuclei for the crystallization of §8-cadmium 
sulphide. It is therefore concluded that the atomic 
structure of precipitated cadmium sulphide is not 
governed by the initial nuclei on which it crystallizes, 
but by the cadmium salt solution used. 

Thus, the present study stresses the importance, 
which seems to be greater than Milligan? thought, 
of the cadmium salt solution in determining the 
atomic structure of precipitated cadmium sulphide. 
It also demonstrates the effectiveness of chloride in 
precipitating cadmium sulphide in the hexagonal 
form, and the formation of the hybrid cadmium 
sulphide from an appropriate cadmium salt solution. 
It is generally accepted that in cadmium chloride 
solutions cadmium and chlorine ions are liable to 
form complex ions, CdCl, (n = 1—4), while in cad- 
mium nitrate solutions cadmium ions are in a simple 
hydrated state’.6. Therefore, the reason for the 


dependence of the cadmium sulphide structure on 
the salt solution used may be traced back to this 
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essential difference in the structure of the electrolyie 
solutions. A detailed account of this work will be 
published elsewhere. 
; Ryorrrro Sato 
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Japan. 
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PHYSICS 


Conduction Currents in Liquid n-Hexane 
under Microsecond Pulse Conditions 


In recent years, considerable progress has been made 
in the measurement of electric breakdown strengths 
in the liquid phase through the use of rectangular 
pulse techniques!:*:*, and such methods of measure- 
ment are now widely used. On the other hand, 
measurements of conduction currents have continued 
to rely upon d.c.*:4, presumably because of the 
experimental difficulties inherent in making reliable 
measurements of currents under short-pulse con- 
ditions. 

With the advances that have taken place in electro- 
meter design and in pulse techniques during the past 
few years, it has become possible to surmount these 
difficulties, and we have developed and reported 
upon® a method for measuring conduction currents at 
high fields due to m.sec. and usec. pulses of voltage. 

The measurement technique is based upon the 
fact that a voltage pulse, Vz, applied to a series 
circuit consisting of a resistance, R, and a capacitance, 
C, leaves behind on the capacitor a charge proportional 
to (Vq/R)t. Here z is the pulse duration, which must 
be short compared to the time constant RC. 

In our earlier publication’, a comparison was made 
between the d.c. and pulse methods, arid the results 
obtained using the two methods were found to be 
quite different. First, the absolute magnitudes of 
the pulse currents obtained are orders of magnitude 
greater than for d.c.; and secondly, in the range 
10-*-10-* sec. the magnitude of the pulse currents 
are approximately independent of the applied voltage 
duration, whereas in the d.c. case the currents decrease 
markedly with time. On the basis of these and other 
results there seems to be good evidence for suspecting 
that d.c. conduction current measurements in liquids 
are more complex than pulse measurements, and that 
the latter may be more reliable as a guide to pre- 
breakdown phenomena. 

One of the most controversial points in the inter- 
pretation of conduction and breakdown measurements 
in liquids concerns the presence (or absence) of an 
electron multiplication process in the liquid. Those 
who interpret behaviour at high fields by means of 
a Townsend model are prone to favour the existenc? 
of an electron multiplication process, or ‘a«-process , 
and some have published d.c. conduction data whic 
are consistent with this model?*. On the other hanc, 
there are others who doubt the existence of au 
a-process in liquids and have d.c. measurements t» 
support their point of view*. 
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DEPENDENCE OF CURRENT DENSITY 
UPON VOLTAGE 
fn - HEXANE 
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5,3, |.5u SEC. PULSE WIDTHS . 
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The only satisfactory method for detecting and 
measuring a multiplication process involves the 
determination of the gap width dependence of 
conduction currents at constant field strength. If 
multiplication occurs, a current J, emitted ‘from the 
cathode will increase with gap width 6 in accordance 
with the equation I=IJ,e*6. Conversely, in the 
absence of an «-process, the current will be independent 
of gap width. 

Using the pulse technique, we have made current 
measurements at fields as large as 3,500 V./mil. 
(1-4 MV./em.). The results obtained using flat, 
stainless steel electrodes ( {, in. diameter) are plotted 
in Fig. 1. Wherever possible, the measurements 
have been made at a number of gap spacings, and 
from these results we have plotted the constant field 
lines shown in the figure. We observe that these 
lines are essentially horizontal, even at fields of 
3,100 V./mil. ; thus no evidence for multiplication 
was obtained at fields below 1-25 MV./em. We note, 
however, that there may be indications (8 per cent 
significance level) of the beginning of an «-process 
at 3,200 and 3,300 V./mil. 

Unexpectedly large values of current density 
(10-* amp./em.?) were measured at fields in the 
Vicinity of breakdown. Moreover, our calculations 
indicate that these currents originate at microscopic 
points on the cathode surface and that local current 
densities may be as large as 1 amp./cm.*. Because 
of the large current density, and the high local field, 
the energy input to the liquid at the tips of these 
asperities is possibly of the order. of 107 watts/cm.? 
This may lead to local vapourization of the liquid 
to form a bubble even in times as short as a few 
usec. If a bubble is so formed, then breakdown of 
the liquid could readily proceed by growth of the 
bubble across the gap, and the subsequent breakdown 
of the low strength vapour. 

lt has long been recognized that cavitation may 
play a part in the breakdown of liquid dielectrics, 
bubbles being formed either from dissolved gas or by 
vaporization of the liquid itself. Indeed, the fact 
that the breakdown strength of a liquid, measured 
with short pulses of voltage, is dependent on pressure 
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is direct evidence that a change of phase is involved 
in the breakdown mechanism?’ ®: °, 

We believe, however, that until the present work 
was carried out, the mechanism of formation of these 
bubbles was unknown; we anticipate that this 
knowledge will enable us to extend our understanding 
of the breakdown of liquid dielectrics. 

A. Harry SHARBAUGH 

P. Ke1rH WATSON 
General Electric Research Laboratory, 
Schenectady, New York. 


1 Macfadyen, K. A., and Edwards, W. D., Nature, 163, 171 (1949). 
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®* Kao, K. C., and Higham, J. B., J. Electrochem. Soc. (in the press). 


Velocity of Sound in Relaxing Gases 


ACCURATE measurements of the velocity of sound in 
a gas, combined with a good equation of state, can 
yield precise values for the specific heats of the gas. 
Standing-wave velocity measurements in a tube are 
complicated by the Helmholtz-Kirchhoff effect which 
leads to attenuation and a lowered velocity, and by 
thermal relaxation which causes further attenuation 
but increase in velocity. It has been shown theoreti- 
cally! that at low audible frequencies the attenuations 
add linearly while the velocity is the relaxation 
velocity multiplied by the usual Helmholtz-Kirchhoff 
factor?, that is: 

a = “HK + Or 
v = 2,(1 — anxv/2rf) 

where « is the total attenuation, v the measured 
velocity, f the frequency of oscillation, and eyx = 
gf*, and x, = Hf? where g is a function of tube radius, 
viscosity and thermal conductivity, H a function of 
the principal specific heats and + the relaxation time. 
At frequencies such that 2xfz < 1, the relaxation 
velocity v, reduces to the free space velocity at zero 
frequency vo. Using the apparatus described by 
Harlow*, measurements were made on pure carbon 
dioxide, pure oxygen and dry air free from carbon 
dioxide of the velocity of sound and corresponding 
attenuation at frequencies between 100 and 1,500 
cycles sec.-1, at a pressure of one atmosphere and 
temperature of 30° C. By plotting v! against f-+ 
straight line graphs were obtained and the values of 
Vo and g determined. Graphs of «f-? against f3/2 
yielded values for g and Hz. These values are given in 
Table 1 together with the theoretical values of g and H 
and the value of z in the samples used. 


Table 1 

Gas co, oO, Air 
No. of exps. 41 18 6 
Frequencies 12 9 5 
% 270-57 331-33 349-18 metre sec.-* 
S.E. 0-03 0-04 0-02 i ae 
g (velocity) 1:42 1:54 _ cm.~! cy.-} sec.} x 10° 
g (from «) 1-36 1-93 1:90 con ep + 
g (cale.) 1-20 1:58 1-60 is ps + 99 
Ht 1-70 0-87 —_ cm.—! cy.-? sec.? x 10% 
H (calc.) 9-3 0-21 —_ cm.-* cy.—* sec. x 10° 

t 1:8 40 — sec. x 10° 


Employing the Beattie-Bridgman equation of state4, 
and bearing in mind the differences between this and 
other equations®:6 which lead to uncertainties in 
thermodynamic quantities deduced from a given set 
of data, the velocities vo have been converted to the 
specific heats shown in Table 2. These values agree 
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Table 2 60 
Gas co, 0, TT T t T TT TTyT 
1-2849 + 0-0004: 1:3934 + 0:0003 
Cp/R 4:509 + 0-008 3-542 + 0-003 
Infinitesimal pressure, 303-16° K. 55 4 
| NORMAL fOLUTION 
well with the calculations by Woolley?:’ and the con- Nei oe 
stant flow results of Masi and Petkof®. The velocity of Sor ws “4 
sound in air agrees with the determinations by te ATURATED SOLUTION 
Harlow? and Lee!®. 45+ ' *. J 
The theoretical predictions are therefore well con- is a 
firmed, while the experimental Helmholtz-Kirchhoff B sol : 9 
coefficients are about 15 per cent in excess of the on 12.1 
calculated values. The latter finding is discussed in = 
detail by Lee!®. 3 Per ; 
I wish to thank the Governing Body of the Woolwich . (arn 
Polytechnic for providing facilities for the work, the sot J 
London County Council for awarding a Research 
Assistantship, and Dr. D. H. Smith for suggesting = 
the problem. is Sotgieate 1 
pH=G.6 DS pH =10 | 
H. J. WIntTLeE 2obtiiil — Pot pag ay 
Sie wre 2 8 10 es 5 8 10 
Physics Branch, ” NUMBER OF CYCLES x 106 
Royal Military College of Science, 
Fig. 1. Effect of pH in aerobic corrosion fatigue life of A.I.S.I. 


Shrivenham, Swindon. 
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Wintle, H. J. (to be published). 
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METALLURGY 


Relationship of pH to Aerobic Corrosion 
Fatigue Life of Steel 


Ir is often of some importance, as in marine 
service and in the petroleum industry, to know how 
various pH levels affect the room temperature 
corrosion fatigue life of a steel. We have performed 
a statistical-type, R. R. Moore machine, fatigue 
study of a normalized-only A.I.S.I. 1036 steel with 
the results shown in Fig. 1. The tensile strength 
was 100,000 p.s.i.; the yield strength was 68,400 
p-s.i.; and the per cent elongation (2 in.) was 30 
per cent. A 3 per cent sodium chloride solution was 
used, this with.a shaped capillary film glass feeder 
system. One curve was determined with a sodium 
hydroxide-saturated, 3 per cent sodium chloride 
solution. Etching (Fig. 2) was observed therein— 
no caustic embrittlement whatever was noted. 

The primary results can be interpreted by a con- 
sideration of three variables: oxygen concentration 
cells ; ferrous hydroxide solubility, transformation, 
and the resulting film continuity ; and sulphide 
impurities. We are here concerned with the ferrous 
hydroxide solubility effects upon the number and 
activity of the oxygen concentration cells present, 
the sulphides now being considered only as nucleation 
sites for the oxygen cells. 

The pH value of the dissociation of Fe(OH), is 
about 9-45. With pH values above this the common 
ion effect should rapidly decrease ferrous hydroxide 
solubility’. At zero Fe(OH), solubility and the 
associated film changes there should be zero corrosion : 
passivity should prevail. In an actual steel surface 
there will be oxygen concentration cells formed at 
structural discontinuities, this probably most strongly 
at sulphide locations, perhaps, in part, because their 
atmospheric oxidations can produce sulphates for 
electrolyte formation. These oxygen cells will act 


1036 steel in 3 per cent sodium chloride solution (R.T.) 


as micro acid pumps and disrupt the oxygen-trans- 
formed ferrous hydroxide film. Some of these cells 
are larger and stronger than others, so that the film 
strength capabilities of the higher pH levels pro- 
gressively decrease the oxygen cell population until 
the last cell is essentially smothered. The indicated 
upward shifts of endurance limits shown in Fig. | are 
believed to be due to the increased oxygen diffusion 
barrier effects of the more insoluble films. 

The data presented are considered to be general 
and characteristic of this steel and of similar steels, 
but no exact numerical correspondence is to be 
expected. That pH level at which all the oxygen 
cells are stifled we term the alpha point (here 
11-1<a<12-1). It is at this point that the aerobic 
corrosion fatigue curves go from a functionally finite 
to a functionally infinite life. The alpha point should 
be a simple function of the oxygen concentration, 
namely «=log O,+K. For a given pH level the 
corrosion intensity of the oxygen cells should also be 
proportional to the oxygen concentration or W= K0,, 





‘< 8 ei 


Fig. 2. 500x-saturated caustic solution (+3 per cent sodim 
chloride) etching of metallographically polished, A.I.S.I. 1036 
normalizec-only steel 
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this linearity prevailing until the corrosion by-products 
contribute an additional cell intensity increase term 
ind then we have W=K’O,+K” log O,. The effect 
yf temperature can be determined from handbook 
valucs for oxygen solubility, while for pressure the 


diss: ived oxygen follows Henry’s Law, O.=KP. 
Also, the alpha point will vary slightly for various 
steei- depending upon the particular oxygen cell 
syst-ms thereof. 

Tho above criteria might serve as first guides for 
the extrapolation of these results to other oxygen- 
stee!-clectrolyte systems not only in aerobic corrosion 
faticie but also to the oxygen cell corrosion of steels 


of whatever kind. 
A more complete account of this work is to be 
published in Corrosion. 


ee 


FREDERICK J. RADD 
L. HuaH CROWDER 
Louis H. WOLFE 
Ponca City, 
Oklahoma. 

Nov. 6. 


?Whitman, W. G., Russell, R. P., and Davis, G. H. B., J. Amer. Chem., 
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CHEMISTRY 


Comparison of Efficiency and Separating 
Power of Packed and Capillary Gas 
Chromatographic Columns 


Tue distinction between the efficiency and the 
separating power of gas chromatographic columns 
has been widely appreciated for some time. Recently}, 
I have shown that a separation factor S can be 


lefined by : 
a 2 
S= 36 (—) 
a- 1 


where «=(Vr./VRi)>1, that is, the true relative 
retention volume (or time) of a given pair of substances. 
The value of S deduced from equation 1 corresponds 
to the exact separation of the two substances and is 
‘qual to the number of theoretical plates required to 
zive the separation when,the true retention volume 
is much greater than the free gas or dead volume, Vq, 
of 2 column. The apparent retention volume, V’p, 
used in the usual theoretical plate equations is the 
sum of Vg and Vp for a given substance. 

In practice, Va is often not much greater than 
Vq and may well be less for some things. In these 
circumstances it is possible to show! that the theo- 
retical plate requirement for separation is related to 


(1) 


WS by : 





cr Va 


Va 2 
N=8, 1+2( )+(—*) 
u Vre Vre 


V increases very rapidly as the ratio Va/Vr, 
mereases. For example, consider the separation of 
two substances for which «=3. In conditions such 
that Vp> Va, then N=S=81, whereas, if Vg=10V p, 
while S again is 81, N~10,000. Comparing two 
columns differing only in the ratio Vg/VR, we see 
fron. this example that, at the same theoretical plate 
height H, the latter column in the example would 
nee! to be 120 times as long as the former column 
to echieve the same end. 

Packed columns normally operate in conditions 
such that Vp is at least as big as Vg whereas capillary 
‘Olumns ‘are frequently used with ratios of Vg/VR 
's high ag 30. Thus, if we take the earlier example 
‘is being ‘a comparison between a packed and a 
‘apillary column we see that the performance of an 





(2) 
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8 ft. long packed column could only be reproduced 
with 1,000 ft. of capillary. Not all comparisons reflect 
so badly upon capillary columns, but it is certain 
that the enormous theoretical plate efficiencies 
recently reported with such columns must be viewed 
with caution and a real appreciation of their per- 
formance arrived at by use of the equation : 


Vre : 
S=16 ( ) 
W 


which is similar in form to the widely used theoretical 
plate equation’. 

What is evident from equation 2 is that any 
separation which can be achieved in a packed column 
can be achieved with a capillary and vice versa. The 
real difference between the two types of column lies 
in the possible speed of analysis. Purnell and Quinn? 
have extended equation 2 and find that the time of 
analysis for the exact separation of any pair of 
substances of given « is : 

SH (1+Vp:/Va)* 
a 
ui  (VR2/Va)? 
where & is the average carrier gas velocity. At any 
given ratio of H/a& there is a minimum analysis time, 
tmin, Which is achieved when Vrp,=2Vg and so we 
can say that : 





(3) 


(4) 


243 SH 
tmin= =— (5) 


a 

The limiting low value of H/i is, to a reasonable 
approximation, the mass transfer constant C in the 
van Deemter equation® and so we have : 

* tmin= 243.S.C. - (6) 
The condition that Vr=2Vq can be more readily 
achieved in packed than capillary columns, due to the 
porous nature of the packing, which permits higher 
ratios of solvent to free space volumes without, at 
the same time, significantly increasing the value of C. 
Presumably, a porous walled capillary might over- 
come this difficulty. An alternative view is that unless 
the ratio Vr,/Vq is the same for both types of column 
different lengths will be needed to carry out the same 
separation. Generally, the capillary must be the 
longer, and since the optimum velocity is about the 
same for either column, analysis must be slower with 
the capillary. 

In conclusion, it may be pointed out that provided 
packed and capillary columns are operated under 
identical conditions they will be equally effective 
both in speed and separating power. In_ these 
circumstances the choice between them depends 
upon other factors, such as ease of construction, 
maximum sample size, and so on. 

Equations 5 and 6 indicate the times of analysis 
which may be attainable. For example, for the 
separation of, say, propane and n-butane at room 
temperature with a column containing squalane, 
a~3 and if C=10-* sec., which is a reasonable 
estimate, tmin=0°55 sec. With diminishing « the 
analysis time increases, but even at «= 1-08, as found 
for m- and p-xylene eluted from benzquinoline at 
78° a time of 50 sec. should be attainable. 

J. H. PURNELL 
Department of Physical Chemistry, 
Lensfield Road, 
Cambridge. 
Nov. 10. 


1 Purnell, J. H. (in course of publication). rw 

2 Purnell, J. H., and Quinn, C. P. (in course of publication), 

3 van Deemter, J. J., Zuiderweg, F. J., and Klinkenberg, A., Chem. 
Eng. Sci., 5, 271 (1956). 





2010 NATURE 


Use of Coated Tubing as Columns for Gas 
Chromatography 


THE original suggestion by Martin! for the use of 
columns 0-2 mm. in diameter in gas chromatography 
has been put to use with considerable success. The 
first theoretical and practical considerations of coated 
tubular columns were recently described by Burrows? 
and Golay*. Later,. with the advent of ionization 
detectors, the usefulness of such micro columns was 
extended’. 

Columns made of nylon tubing for use in gas 
chromatography have been studied by Scott‘. 
High efficiencies were obtained with columns of 
0-01 in. and 0-02 in. in diameter. With larger 
diameter coated columns the efficiency decreased 
considerably. 

One of the major obstacles to the use of coated 
capillary columns for research has been the small 
sample sizes required, particularly where it is desirable 
to trap fractions for further analysis. Whereas 
conventional detectors and columns use milligram 
loads, capillary columns of 0-01 in. diameter demand 
ugm. loads. ‘The low cost and availability of nylon 
tubing in varying diameters has prompted a study of 
the effect of sample load with the diameter of coated 
tubular columns. 

Columns of 0-02 in., and 0-034 in. diameter were 
used in 1,000 ft. lengths. These were coated by 
slowly passing a 10 per cent w/v solution of the 
substrate in methylene chloride or pentane. Samples 
were introduced by means of a syringe directly into 
the column. A 0-02-in. diameter nylon column was 
able to support a sample load of 1 mgm. without 
adversely affecting the shapes of the peaks. Efficiencies 
up to 250,000 plates were obtained on hydrocarbon 
samples. The 0-034 in. column was successfully used 
with 2-mgm. sample loads. Squalane, hexadecane, 
and isoquinoline were used as liquid substrates and 
the samples analysed were C,-C, paraffins and 
naphthenes. 

A nylon column 1 mile in length and having an 
inside diameter of 0-066 in. was coated in 1,000 ft. 
lengths with hexadecane. This column accepted 
samples up to 20 mgm. and gave efficiencies in excess 
of a million theoretical plates. Gas flow-rates of 
250 ml. per min. were used in order to effect analyses 
in less than 2 hr. It appears then, that sample loads 
for coated tubular nylon columns are proportional 
to the available surface area or the amount of coating 
for the whole column. If an argon ionization detector 
is used the sample can be split prior to entering the 
cell’. For the analyses of trace constituents a by- 
passing device may be arranged whereby the major 
components would be split at the end of the column 
and all the minor constituents would go directly into 
the cell. 

ALBERT ZLATKIS 
H. R. KAUFMAN 

Department of Chemistry, 

University of Houston, 

Houston, Texas. 
Nov. 4. 

. a, A. J. P., in ‘Vapour Phase Chromatography’, 2, ed. by Desty, 
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(1957): in ‘Vapour Phase Chromatography’, 36, ed. by Desty, 
D. H. (1957). 

* Desty, D. H., Nature, 183, 107 (1959). Desty, D. H., J. Instit. Pet., 
45, 287 (1959). Zlatkis, A., and Lovelock, J. E., Anal. Chem., 31, 
620 (1959). Lipsky, 8. R., and Lovelock, J. E., Anal. Chem., 31, 

__ 862 (1959), Condon, R. C., Anal. Chem., 31, 1717 (1959). 
‘Scott, R. P. W., Nature, 184 (1959). 


-* Lantz, C. D., and Johnson, R. E., Gulf Coast Spectroscopic Group 
Meeting, Houston, Texas (October 2, 1959). 
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Analysis of Light Hydrocarbons 


A RECENT communication by Barnard and Hughes! 
described the gas chromatographic separation of 
ethane, ethylene, propane and propylene. _ ‘l'wo 
column packings were used, tritsobutylene on ‘Celite’ 
and ethylene glycol saturated with silver nitrate on 
‘Celite’. It was claimed that the four gases were 
separated on a column packed with a mixture of the 
two packings, whereas the same proportions arranged 
in two separate columns in series did not effect the 
same separation. As the two liquids are immiscible, 
the reported result is not in accordance with expect- 
ation ; a series of experiments have been carried out 
to check this conclusion. 

Two 4-ft. columns were packed with tritsobutylene 
on ‘Celite’ and ethylene glycol containing silver nitrate 
on ‘Celite’ respectively. The retention volumes at 
12°C. of hydrogen, ethane, ethylene, propane and 
propylene were measured on these columns (a) 
separately, (b) in series (tritsobutylene second) and 
again (c) after the columns had been unpacked, their 
contents mixed, and the columns repacked with the 
mixture. The experiment was repeated with one 
4-ft. and one 2-ft. column packed with ethylene 
glycol/silver nitrate/‘Celite’ and one 2-ft. column 
packed with triisobutylene/‘Celite’. Retention volumes 
with the columns (a) in series and (6) with their contents 
mixed were measured. As ethylene glycol is slightly 
hygroscopic and triisobutylene is volatile, a careful 
check was kept on changes in weight throughout. 

Specific retention volumes for the hydrocarbon 
gases were calculated for each column or combination 
of columns. The actual retention volumes, from the 
hydrogen peak, were measured at the temperature 
and exit pressure of the column and corrected for the 
pressure drop across the column. The tatonan| 
volume was divided by the total weight of stationary 
phase (excluding support) in the column(s) ; _ the 








weight used was that calculated from a weighing 
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Fig. 1. Specific retention volume plotted against per cent w/W 
tri-isobutylene in the mixture. F 
The scatter of the points about the straight tie-lines in Fig. 1 1s 
within the experimental error of determination of the specific 
retention volumes, for these rather low values. The results 
indicate that there is no large difference in effect between separate 
columns in series and an equal number of columns with mixed 
column packings 
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TABLE 1 


No. of Reten- 


Specific retention volume q 
heoreti- tion 


Series Tri 


I -iso- cal time 
Mixed buty- Ethane Ethy- Pro- Propy- Plates from 
lene lene pane lene for injection 
Propy- for 
lene Propy- 
lene 
min. 
nil 0-14 10-4 0-14 15°6 _ — 
100 5-2 3:2 22:1 20-5 -- —_— 
Series 49-3 2-5 6-8 10-7 17:3 1012 &-4 
Mixed 47-2 2-5 76 10-6 17-9 1134 8&8 
s gs 22 1-3 9-0 5:7 17-0 990 5 he 
\ i 23-5 1-2 9°38 5-1 17°3 1075 y fad | 
of the column(s) immediately after use. Operating 


conditions: support, 85-100 mesh ‘Celite’; stationary 
phase, 1 part approximately to 4 of support ; column 
temperature, 12°C. (tap water); inlet pressure, 
5 cm. of mercury (gauge) for single 4-ft. columns, 
10 cm. for combined 8-ft. columns ; outlet pressure, 
atmospheric ; carrier gas, nitrogen, approximately 
20 ml. per min. ; detector, hydrogen flame (temp.) 
The ethylene glycol/silver nitrate contained 27 per 
cent by weight of silver nitrate. A saturated solution, 
at 12°C. contains about 42 per cent w/w. The 
triisobutylene was old stock and contained approx- 
imately 5 per cent of an acid calculated as Cj». 
A study of Fig. 1 and Figs. la and 1b in Barnard and 
Hughes! communication suggests that their ‘series’ 


column contained practically no triisobutylene 
and that their ‘mixed’ column _ contained! 
about 10 per cent triisobutylene and 90 


per cent ethylene glycol/silver nitrate. Triiso- 
butylene is appreciably volatile, and in our experiments 
it was found that the mixing operations caused a loss 
of about 10 per cent on a total of 2-5 gm. Our 
experiments were done at 12°C. merely to allow more 
precise measurement of the rather short retention 
times. A check at 25°C. showed that the differences 
from relative retention volumes at 12°C. for the same 
column were not very great, but ethane and hydrogen 
were not well separated which made precise measure- 
ment difficult. 

I wish to thank the Directors of the Distillers 
Company Limited for permission to publish this 
communication. 

G. R. PRIMAVESI 
The Distillers Company Ltd., 
Great Burgh, Epsom, Surrey. 
‘Barnard J. A., and Hughes, H. W. D., Nature, 183, 250 (1959). 


Use of Tritium to Study the Solubility of 
Water in Hydrocarbons 

THE use of tritiated water as a radioactive tracer 
to study the solubility of water in hydrocarbons 
clearly offers many advantages, especially the fact 
that low concentrations of water in a hydrocarbon 
can be easily and accurately assayed by liquid 
scintillation counting. We have adopted this tech- 
nique to make a closer study of how well Henry’s 
Law is obeyed for such a system. Black, Joris and 
Taylor }}? used tritium with a gas counting technique 
for a similar investigation and assumed, along with 
others’, that Henry’s Law was followed up to 
Saturation point. In the discussion of the latter 
paper? some evidence was put forward to suggest 
that substantial deviations from Henry’s Law were 
observed for water dissolved in hydrocarbon fuels. 
More recently Englin et al.t have published results 
substantiating the original assumptions. The work 
described below using the more sensitive techniques 
of liquid scintillation counting of HTO as a tracer 
is claimed to be the most accurate study of the water- 
hydrocarbon system to date. 
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= PARTIAL PRESSURE OF WATER VAPOUR IN EQUILIBRIUM 
WITH THE HYDROCARBON SOLUTION 
WON VAPOUR PRESSURE OF WATER AT 20°C 


WATER IN BENZENE 
* WATER IN TOLUENE i ee 
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Fig. 1. Solubility of Water in Benzene and Toluene at 20°C. 


A stream of dry air was saturated with tritiated 
water at temperature 7’, and was allowed to come to 
equilibrium with the hydrocarbon liquid at temper- 
ature T, (T,>7,). Samples were taken of the 
hydrocarbon after equilibration and counted after 
dissolving in a liquid phosphor. 

By varying 7, and keeping 7’, constant it was 


possible to obtain a series of values of equilibrium | 


water solubilities corresponding to different water 
vapour partial pressures. It is convenient to express 
the vapour pressure data as the function p/po where 
p=water vapour pressure at 7’, and po=water 
vapour pressure at 7. These values were calculated 
having ascertained experimentally that the saturator 
and the air steam velocity were such as to ensure 
saturation at temperature 71. Typical results are 
given for benzene and toluene in Fig. 1 showing that 
there is virtually no deviation from Henry’s Law up 
to saturation. Saturation solubilities at 20°C. of 
water in benzene and toluene are found to be 52 


; mgm./100 gm. and 46 mgm./100 gm. respectively. 


The value for toluene compares very favourably 
with that obtained by Englin et al.4 (48 mgm./100 
gm.). 

Precautions were taken to ensure that equilibrium 
conditions were established during the experiments. 
For calibration purposes the specific activity of the 
air stream in equilibrium with the hydrocarbon 
was determined. This was done by condensing out 
the water vapour and counting it under identical 
conditions to those pertaining to the counting of the 
hydrocarbon samples. Under these conditions it was 
lower by 15 per cent than that of the original water in 
the saturator ; this was due to the isotope effect of 
tritium. The data given in Fig. 1, however, refer 
to the behaviour of water, which of course assumes 
that any isotope effect of water and tritiated water, 
when dissolved in a hydrocarbon, is negligible. 

The liquid scintillation counter used was a single 
channel instrument. By giving special attention to 
the design of the sample cell used to contain the 
liquid phosphor it was possible to operate at room 
temperature for all the experiments described above. 
The maximum counting efficiency for non-quenching 
tritium samples was 12 per cent over a background 
of 300 c.p.m. 

We would like to express our thanks to the 
Directors of ‘Shell’ Research Ltd. for permission to 
publish this letter. 

B. D. Cappock 
P. L. DAvIEs 
Thornton Research Centre, 
‘Shell’ Research Ltd., 
Thornton-le-Moors, Chester. 


1 Joris, G. G., and Taylor, H. S., J. Chem. Phys., 16, 45 (1948). 

2 Black, C., Joris, G. G., and Taylor, H. 8., J. Chem. Phys., 16, 537 
(1948). 

3 Davies, P. L., Fourth World Petroleum Congress Section V/E, 427 
(1955). . 

‘ Englin, B. A., Tuglolukov, V. M., Sakodynskaya T. P., Khimiya ¢ 
Tekhnologiya Topliva, 11, 43 (1956). phe 
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Periodic Classification of Elements 


A MODERN table of chemical elements must show 
electronic configurations as well as the variation in 
the properties of the elements with atomic number. 
It should also include the lanthanide and actinide 
series of elements. The trend has been to lengthen 
the table (for example in the conventional long form 
and in Simmons’ Table!) and so abolish the sub-group 
system. In the Table shown herewith the rectangular 
form has been preserved and a three sub-group system 
introduced. 

Each period corresponds to building up on an inert 
or pseudo-inert gas structure. They are named 
according to the orbital which is being filled from 
group 3 onwards in that period. The basic electronic 
configuration is shown on the left of each period. The 
s orbitals which are normally filled after the first two 
groups are shown in brackets. 
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ments. 


In the latter case periods 4f and 5d would 
become one period called 5d and the 5f period would 
be called 6d. The simplest form of the table is very 
little different from Mendeleef’s periodic system. 
Students of chemistry will only ever need to become 
familiar with one form which can be adapted for use 


at all stages of advancement. Advocates of the long 
forms argue that it is confusing to put differing 
elements together in the same group. They have even 
more ground for argument now that (c) sub-groups 
have been added. But confusion should not occur if 
it is understood that the resemblances between sub- 
groups are rare and occur only between (a) and (b) 
sub-groups. It has the advantage that the symbols 
of the elements with which one is mostly concerned, 
particularly in the early stages, are more widely spaced 
and are easier to see. 

Mendeleef’s classification was an _ outstanding 
achievement. Its usefulness has established it in 






































Table 1. MENDELEEF’S TABLE ADAPTED TO SHOW ELECTRONIC CONFIGURATION 
R 0; 1 | 2 | 3 | . 5 | 6 7 | 8 9 10 /}11 | 12/13 15116 
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There are 17 groups ; the number of each showing 
the number of electrons in elements of that group in 
excess of the inert or pseudo-inert gas structures. 
The sub-groups show which orbitals the electrons 
might, and in most cases, normally occupy. It is 
apparent that (a) are representative, (b) transition 
and (c) inner transition elements. No simple system 
will show exactly what are believed to be the most 
stable electronic arrangements. Discrepancies occur 
among several transition and rare earth elements. 
However, the table gives a truer picture than 
Simmons’s of the orbitals of the group Ib metals 
and of actinium and thorium. 

It is felt to be important that the form of established 
Tables should be adhered to as closely as possible and 
that elements which are commonly referred to as 
belonging for example to groups [Va or Vb should be 
found in similar positions in the new Table. The 
Table, of course, can be drawn without the electronic 
configurations and/or without the lanthanide ele- 


chemistry and most inorganic text-books are writien 
around it. It would seem better, therefore, when this 
is feasible, to adapt it to suit modern requirements, 
rather than to experiment with new forms. 
A. A. CLIFFORD 

Balliol College, 

Oxford. 
1 Simmons, L. M., J. Chem. Educ., 24, 588 (1947) ; 25, 658 (1948). 


Redox Properties of some Dipyridyl 
Quaternary Salts 


In connexion with an investigation into the mode 
of action of certain diquaternary salts of 2,2’-, 2,4’-, 
and 4,4’-dipyridyl as herbicides! the behaviour oi a 
number of dipyridyl diquaternary salts on reduction 
has been examined. 

The complex behaviour of the diquaternary salts 
of 4,4’-dipyridyl (I) on reduction has long been 
known, and in 1933 Michaelis and Hill?», showed that 
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the first step in this reduction involved the addition 
of one electron to the quaternary salt to form a stable, 
water-soluble, intensely coloured free radical. Some 
of these quaternary salts have since been used 
as redox indicators under the name ‘viologens’. Their 
redox potentials are very negative and Michaelis 
an Hill quote figures in the range —359 mV. 
(I. 2=benzyl) to —446 mV. (I, R=methy]). 
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Without postulating charge separation it is possible 
to write eighteen canonical forms for the free radicals 
derived from the viologens in which the ddd electron 
can be located in any of the nuclear positions. It is 
apparent that a similar number of canonical forms 
may be written to describe the resonance of a radical 
derived from 1,1’-ethylene-2,2’-dipyridylium dibro- 
mide (II, X=Br)*. It would appear therefore that 
this compound should be capable of reduction to a 
radical analagous to that derived from a viologen. 
Treatment of a solution of (II) with zine dust led to 
the formation of an intense green colour, and it was 
found by potentiometric titration at pH 9, that 
treatment of an aqueous solution of (II) with sodium 
dithionite led to the production of a free radical by 
single electron uptake. The redox potential of the 
reaction lies at —349 +2 mV., close to that of the 
viologens. The reduction is completely reversible, 
and, as would be expected, the redox potential is 
independent of pH, and of the nature of X. 

Krumholtz® has remarked that the dimethiodide 
of 2,4’-dipyridyl (III, R=methyl, X=I) gives a 
purple colour on treatment with zinc dust, and he 
speculated that this was due to radical formation. 
On potentiometric titration this compound has now 
been found to behave in manner analagous to that 
of the 2,2’- and 4,4’- isomers and its redox potential 
lies at the very negative value of —640 +40 mV. 

Hypothetical radicals derived from the herbicidally 
inactive diquaternary salts of 2,3’- and 3,3’-dipyridyl 
have fewer possible resonance forms, the former 
having fifteen, the latter twelve. Additionally the 
resonance is imperfect in that there are certain 
nuclear positions from which the odd electron is 
excluded. The resulting reduction in the stability of 
the radical precludes its formation by reduction in 
aqueous solution and no redox properties can be 
observed with the dimethiodide of either base. 

It appears significant that high herbicidal activity 
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can only be demonstrated in the dipyridyl diquaternary 
salts which give rise to free radicals on reduction. 


R. F. Homer 
T. E. ToMLINSON 


Imperial Chemical Industries Ltd., 
Jealott’s Hill Research Station, 
Bracknell, Berks. 

1 The herbicidal activity of certain quaternary salts of 2,2’-dipyridyl 
is the subject of U.K. Patent Specification 785,732 ; U.K. Patent 
Specifications 813,531 and 813,532 disclose similar activity in the 
quaternary salts of 4,4’-dipyridyl. The activity of 2,4’-dipyridyl 
salts has not hitherto been disclosed. - . 

® Michaelis, L., and Hill, E. S., J. Gen. Physiol., 16, 859 (1933). 

3 Michaelis, L., and Hill, E. S., J. Amer. Chem. Soc., 55, 1491 (1933). 

‘ Brian, R. C., Homer, R. F., Stubbs, J., and Jones, R. L., Nature, 181, 
446 (1958). 

5 Krumholtz, P., J. Amer. Chem. Soc., 73, 3487, 4449 (1951). 


A Higher Hydrogen Peroxide, H,0,? 


THE formation and decomposition of a higher 
hydrogen peroxide H,O, has been described in recent 
Russian literature. Much of this work dealt with the 
existence of condensed HO, radicals or molecular 
H,O, at low temperatures ; for example, Kobozev 
et al., Reznitskii et al., and Gorbanev! investigated the 
reaction between atomic hydrogen and liquid ozone 
at —196°C. Calorimetric and electron spin resonance 
measurements are quoted as evidence for the existence 
of hydrogen superoxide H,0, which decomposes 
spontaneously at —115°C. into hydrogen peroxide 
and oxygen. 

Other work, however?-®, has suggested that hydro- 
gen superoxide exists at room temperature. This 
communication is concerned with an investigation of 
a reported method of preparation. 

Astakhov and Getzov postulated the existence at 
ambient temperature of HO, to explain the slow 
evolution of oxygen on reacting calcium superoxide 
(CaO,) with dilute acid. Kruglyakova and Emanuel® 
observed differences between the permanganate and 
gasometric determinations of stored hydrogen perox- 
ide which, they claimed, were due to the accumulation 
of the superoxide in the solution. Stadnik* has 
suggested that H.,O, is formed from HO, radicals in a 
hydrogen/oxygen diffusion flame. Mckinley® and 
Mironov ana Danilova’ have repeated the work of 
Kruglyakova and Emanuel but both have failed to 
reproduce their results. Mckinley® on reproducing 
the work of Stadnik showed that the superoxide 
formed was, in fact, nitrous acid. 

Another method of preparation has been reported 
by Purmal> who observed that after irradiating 
200 ml. of 0-066 M hydrogen peroxide solution with 
ultra-violet light from a medium-pressure mercury 
vapour lamp, up to 48 ml. of oxygen were evolved, 
during which time permanganate titration showed 
that the hydrogen peroxide content remains unchanged. 
He suggested that the superoxide was formed under 
the influence of ultra-violet light and that after 
irradiation it decomposed heterogeneously according 
to the equation : 

H,0, H,0,+0, 
the higher hydrogen peroxide titrating as hydrogen 
peroxide. The rate of oxygen evolution was first 
order, and the apparent activation energy 29-8 + 
2 kcal./mole. 

We have repeated Purmal’s experiments and con- 
firmed the results, but have shown that those can be 
explained by the supersaturation of the solution with 
oxygen during irradiation, and that the subsequent 
oxygen evolution is due to its gradual release. 
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Very stable dilute solutions of hydrogen peroxide 
were prepared from four-times redistilled water and 
three times redistilled hydrogen peroxide of electro- 
lytic manufacture. The quartz flask used to contain 
the solution was previously conditioned by treatment 
first with concentrated nitric acid and then dilute 
hydrogen peroxide to minimise heterogeneous de- 
composition. 

The solution, maintained at 25°C., was irradiated 
for 55 min. with ultra-violet light, so as to decompose 
20 per cent of the peroxide present. The subsequent 
evolution of oxygen was recorded for some hours, 
during which time the hydrogen peroxide concentra- 
tion remained unchanged. Similar solutions of 
hydrogen peroxide were saturated with oxygen by 
agitation at a pressure of 5-4 atmospheres, the subse- 
quent oxygen evolution being followed after reducing 
the pressure. 
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Fig. 1. Oxygen evolution after: (1) Ultra-violet irradiation of 


hydrogen peroxide solution for 55 min. Total oxygen evolution 
25 ml. (2) Saturation of solution with oxygen at 5-4 atmospheres. 
Total oxygen evolution 26 ml. Hydrogen peroxide concentration 


was .. __. . during oxygen evolution 0:07 M. 


Fig. 1 shows that, despite the difference in the two 
methods of producing the oxygenated hydrogen 
peroxide solutions, the gas evolution rates are quite 
similar. On plotting the oxygen evolution recorded 
from both irradiated or pressurised solutions as log 
(oxygen concentration remaining in solution) versus 
time, straight lines with sharp changes of slope were 
obtained. No explanation can be found for this or the 
lack of exact coincidence between the curves in Fig. 1. 
Both solutions evolved oxygen if shaken vigorously. 

These results show that it is not necessary to 
propose the existence of hydrogen superoxide to 
account { the anomalous oxygen release from 
peroxygen containing solutions. Furthermore, if 
hydrogen superoxide is indeed stable only at low 
temperatures, as reported by Kobozev et al., then it 
seems most unlikely that it would have a life of 
several hours at room temperature. Further support 
for the explarfation of the slow oxygen release is 
afforded by Metsc!:\* who, as long ago as 1924, 


commented on the remarkable stability of super- 
saturated solutions of oxygen in water. 
We wish to thank Laporte Chemicals Ltd. for 
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ermission to publish this acec:int. 
P E e 
J. G. MARSHALL 
P. V. RuTLEDGE 
Laporte Chemicals Limited, 
Luton, Beds. 
Nov. 9. 

1 Kobozev, N. I., Nekrasov, L. I., and Yeremin, Ye. N., Zhur. Fiz. 
Khim., 30 (11), 2580 (1956). Kobozev, N. I., Skorokhodoy, I. L., 
Nekrasov, L. I., and Makarova, E. I., Zhur. Fiz. Khim., 31 (3), 
1843 (1957). C.T.S. Translation No. 564. Reznitskii, L. A., 
Khomykov, K. G., Nekrasov, L. I., and Skorokhodov, I. I., Z/ur. 
Fiz. Khim., 32 (1), 87 (1958). Gorbanev, A. I., Zhur. Fiz. Khim., 
31 (2), 515 (1957). 

2 Astakhov, K. V., and Getzov, A. G., Doklady Akad. Nauk 8.S.S.R., 
81, 43 (1951). 

’ Kruglyakova, K. E., and Emanuel, N. M., Doklady Akad. Nauk 
S.S.S.R., 83, 593 (1952). 

* Stadnik, P. M., Doklady Akad. Nauk S.S.S.R., 87, 445 (1952). 

5 Purmal, A. P., Zhur. Fiz. Khim., 29 (5), 846 (1955). 

® Mckinley, J. D., Tech. Report No. 9, Jan. 1954. James Forrestal 
Res. Centre, Princeton, J. Chem. Phys., 22, 1258 (1954). 

7 Mironov, K. E., and Danilova, M. 8., Zhur. Neorg. Khim., 3 (12), 
2807 (1958). 

® Metschl, J., J. Phys. Chem., 28, 417 (1924). 


Some Experiments on Rice’s Blue Material 


Rice and Freamo prepared the well-known Rice’s 
blue material from hydrazoic acid by thermal decom- 
position and also by passing the acid through an 
electric discharge, the products of both treatments 
being, in part, condensed on a ‘cold finger’ at 77° K.!2 
Attempts to prepare Rice’s blue material from other 
chemical compounds—ammonia, hydrazine—and from 
mixtures of nitrogen and hydrogen proved un- 
successful?. 

We have several times, and without fail, succeeded 
in obtaining from ammonia passed through an 
electric discharge a blue deposit which was identical in 
colour with that which we obtained from a similar 
treatment of hydrazoic acid. Furthermore, the 
critical temperature at which the blue colour dis- 
appeared on allowing the ‘cold finger’ to warm up was 
identical with that observed for the deposit from 
hydrazoic acid namely 148° K. 

Ammonia was generated in the vacuum system from 
ammonium chloride and calcium hydroxide; it was 
stored until required in a small flask cooled with 
liquid nitrogen. The ammonia was passed at a 
pressure of 0°5-0°7 mm. mercury through an a.c. 
electric discharge of 10,000 V. applied potential and 
50 m.amp. current. In one instance iron electrodes 
were used, while in subsequent experiments plati- 
num electrodes were used. The ‘cold finger’ was about 
2 cm. from the nearest electrode. In one experiment, 
the uncondensed gas was sampled and found by mass 
spectrograph to be largely hydrogen, with small 
amounts of nitrogen and oxygen in the ratio of 4: 1. 

With hydrazoic acid as source material, experiments 
were carried out using various additives to form a 
matrix for isolation of NH radicals?, if such were 
formed. The additive could be introduced into the gas 
stream before, or irmmediately after, the electric dis- 
charge. Carbon dioxide (120 volumes), xenon (200 
volumes) and water (100 volumes) gave decreasing 
intensities of blue coloration. The coloration was 
considerably stronger if the additive was introduced 
after the discharge. In no case was the blue colour 
as intense as in the experiments with uncontaminated 
hydrazoie acid or ammonia. The usual critical tem- 
perature of 148° K. obtained in every case where the 
blue colour was observed. 

If the blue colour were due to NH radicals, in any 
concentration, then it would be expected that the 
critical temperature at which the blue colour dis- 
appeared and the radicals presumably reacted would 
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be dependent on the matrix material. This tempera- 
ture, however, is independent of matrix material. This 
may be considered to be positive evidence against the 
hypothesis that the blue colour is due to NH radicals. 

Further, if the blue colour were due to crystal 
defects in an ammonium azide lattice, one would 
scarcely expect that it would exist after 100-fold 
dilution by matrix materials; for these would in fact 
determine the crystal form. The hydrazoic acid 
decomposition products would be simply impurities 
within that structure; the characteristic colour and 
critical temperature would not be retained. The 
existence of the blue colour and its characteristic 
critical temperature in matrices may be considered to 
contradict the hypothesis that the blue colour is due to 
crystal defects. 

We wish to thank the Directors of British Oxygen 
Research and Development, Ltd., for permission to 
publish this communication. 

J. W. CLARKE 
G. McTurK 


British Oxygen Research and Development, Ltd., 
Deer Park Road, 
London, S.W.19. 
' Rice, F. O., and Freamo, M., J. Amer. Chem. Soc., 73, 5529 (1951). 
* Rice, F. O., and Freamo, M., J. Amer. Chem. Soc., 75, 548 (1953). 
‘ Whittle, E., Dows, D. A., and Pimentel, G. C., J. Chem. Phys., 22, 
1943 (1954). Becker, E. D., and Pimentel, G. C., J. Chem. Phys., 25, 
224 (1956). 


BIOCHEMISTRY 


Action of Anhydrous Formic Acid on Peptides 
and Proteins 

In the course of our investigations on peptides 
containing serine, we tried to bring about N-O-acyl 
shift at the serine residue using anhydrous formic acid 
as described by Josefsson and Edman?. 
We treated glycyl-«-L-glutamyl]-L-serylglycine ethyl 
ester? with anhydrous formic acid during 16 hr. at 
25°C. and the product, after removal of the acid, was 
examined by means of paper chromatography 
(Whatman No. 1) with n-butanol-acetic acid-water 
4:1:5 (upper phase) as the solvent. The same pro- 
cedure was followed using serine instead of the 
tetrapeptide ester. The products gave a positive 
ninhydrin reaction and their Ry values were greater 
than those found for the starting materials, namely, 
for the tetrapeptide ester 0-44 (before treatment 0-34) 
and for serine 0-18 (before treatment 0-14). The 
electrophoretic mobility of the tetrapeptide ester 


| mentioned above was determined before and after 


treatment with anhydrous formic acid. At pH 3-6 
and at pH 6-5 the mobility was not changed by 
treatment with anhydrous formic acid. In case of an 
N-O-acyl migration the mobility would have been 
considerably increased. 

In addition to these results we may add that 
lysozyme and polyvinyl alcohol, after treatment with 
anhydrous formic acid during 16 hr. at 25°C., pro- 
duced the ferric-hydroxamic acid complex of formyl 
hydroxamate on treatment with hydroxylamine 
following Hestrin’s method*. This hydroxamic acid 
complex was identified by chromatography on paper 
(Schleicher and Schill 2043 6 Mgl) impregnated with 
a 2 per cent anhydrous alcoholic solution of ferric 
chloride. Dimethylformamide-n-butanol-water 1:9:10 
(by volume) was used as the solvent. 

By measurement of the extinction of the hydrox- 
amic acid complex at 540 my we were able to estimate 
the number of moles formic acid esterified per mole 
lysozyme. A standard curve was made using n-butyl 
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formate. After 4 hr. treatment with formic acid we 
found 14 moles formic acid bound per mole lysozyme, 
which increased to 19 after 16 hr. treatment, reported 
to be sufficient to inactivate the enzyme completely’. 
The latter estimation of esterified moles formic acid 
is compatible with the total number of serine and 
threonine residues in the enzyme molecule reported‘ 
to be 17. As it was not necessary to remove unbound 
formic acid from the protein, because it does not react 
with hydroxylamine, our estimations are in better 
agreement with the expected values than those of 
Kozo Narita’. 


TABLE 1 


C=O and asymm.’ C-O-C frequencies in em-'. 


C=0 asymm. C-0-C 
lysozyme* 1720 1171 
polyvinyl! alcohol* 1720 1181 
tetrapeptide ester*? 1715 1200 
O-formy] serine? 1725 1175 
alkyl formates*’* 1723 1185 


* After treatment with anhydrous formic acid. 


Studying the infra-red spectra of some of the 
compounds gave additional evidence for esterification 
of the hydroxyamino acid residues in the enzyme with 
formic acid (Table I, Figs. 1 and 2). 
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Fig. 1 (above). 
lysozyme ( 


Infra-red spectra (potassium chloride pellets) of 

) and lysozyme after treatment with anhydrous 
formic acid (— — -) 

Fig. 2 (below). Infra-red spectra (potassium chloride pellets) of 

polyvinyl alcohol ( ) and polyvinyl alcohol after treatment 

with anhydrous formic acid (— — —) 








Upon treatment with anhydrous formic acid two 
new bands appear in all cases, one at approximately 
1720 cm.-!, which must be assigned to the C=O 
vibration in the formyl group and another in the 
region 1170-1185 cm.-!, which must be due to the 
asymmetrical C-O-C stretching vibration of alkyl 
formates®:*. In the case of N-O-acyl shift these 
frequencies are expected at somewhat higher wave 
numbers. Besides, the agreement between the new 
bands in lysozyme and polyvinyl alcohol is striking. 

From these results we concluded that no N-O-acyl 
shift was produced by formic acid but that an ester 
bond with the hydroxyl groups of the serine and 
threonine residues was formed as is in complete 
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agreement with the results of Smillie and Neurath’ 
and Kozo Narita®. 
H. KieENHUIS 
G. BLASSE 
J. MATZE 


Chemical Laboratory, 

National Defence Research Council T.N.O., 

Rijswijk (Z.H.), 

The Netheriands. 

Sept. 4. 

1 Josefsson, L., Edman, P., Biochim. et Biophys. Acta, 25, 614 (1957), 
? Synthesis will be published in Rec. trav. chim. 
5 Hestrin, S. Yh Biol. Chem., 180, 249 (1949). 
* Fevold, ‘Adv. in Protein Chem.,’ 6, 222 (1951). 


. Thompson, i W., Torkington, P., J. Chem. Soc., 640 (1945). 
* Bellamy, L. J., ‘The Infra-red Spectra of Complex Molecules’ (Wiley, 


1954). 
* Smillie, L. B., and Neurath, H., J. Biol. Chem., 234, 355 (1959). 


® Kozo Narita, "J. Amer. Chem. Soc., 81, 1751 (1959). 


Determination of Tissue Mucoproteins 


Struptes in blood serum mucoproteins have stressed 
the importance of the alterations of this fraction in 
various pathological and physiological conditions! as 
well as in the administration of certain drugs?. How- 
ever, only very scant information on the biosynthesis 
and function of seromucoid is at present available’. It 
seemed to us that a method for the determination of 
histomucoid? would be a practical tool for the study of 
seromucoid biosynthesis. 

Studies were made in male Wistar rats weighing 
185-225 gm. The animals were killed by decapitation 
and the blood was left to flow off. Tmmediately, the 
liver and the kidney were perfused with isotonic 
saline, excised and weighed after dissection of capsular 
and vascular connexions. The tissues were ground in a 
mortar and 20 vol. of cold acetone added. After 
centrifugation, the precipitates were washed with 
20 vol. of cold acetone, centrifuged and dried. One per 
cent suspensions of the dried acetone powders were 
made in 0°14 M sodium chloride, pH 6:6, and the 
mucoproteins extracted with shaking for 30 min. 
according to the method used by Weimer e¢ al.3 The 
supernatants were filtered through Whatman No. 42 
filter paper and 5:0 ml. aliquots of the filtrates were 
used for mucoprotein determinations by the same 
method employed for seromucoid!. Results were 
expressed as galactose-mannose per 100 gm. of 
acetone powders. A summary of the results obtained is 
presented in Table 1. 


Table 1. MUCOPROTEINS IN ACETONE POWDERS OF RAT LIVER AND 
KIDNEY 
No. of rats Histomucoid 
(mgm. hexose/100 gm. acetone powder) 
Range Mean + S.D. 
Liver ‘s ‘% 10 96-220 162 + 40 
Kidney .. ts 7 70-130 98 + 22 


The method gave significant means with 10 and 7 
animals for liver (¢ = 4:050, P < 0-01) and kidney 
(¢ = 4454, P < 0-01) respectively. The difference 
between the two organs was highly significant 
(¢ = 4:230, P < 0°001). Higher levels of liver muco- 
proteins are probably related to the synthesis of 
seromucoid, since it is a well-known observation that 
this fraction is lowered in parenchymatous liver 
disease}. 

Acetone powders of rat sera were prepared by the 
same technique and used in recuperation experiments. 
Table 2 presents the results of typical experiments. 

Further work on histomucoid in other tissues and in 
various experimental conditions are now in progress. 
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Table 2. RECUPERATION OF SEROMUCOID IN ACETONE POWDER oF 
Rat SERUM 
Acetone Powders Found Calculated Recuperation 
(mgm. ia ugm. hexose ugm. hexose Per cent 
Serum 50 * 96* — -- 
Kidney 50 41 _ _ 
Serum 50 + Kidney 50. 140 137 102 
Serum 42-8 + Kidney 150 206 205 100 
Liver 100 ; 117 _— _ 


Serum 50 + Liver 50. 167 155 108 
* This value is comparable of that obtained by Weimer et al.* for 
lyophilized serum. 


Our thanks are due to Dr. Gilberto G. Villela for his 
encouragement in the course of the work. One of us 
(L.A.A.) is indebted to the National Research Council 
of Brazil for a research fellowship. 

Luiz A. ABREU 
R. Raroso ABREU 
Biochemical Laboratory, 
Instituto Oswaldo Cruz, 
Rio de Janeiro, Brazil. 
Sept. 14. 
1 Winzler, R. J., ‘‘Methods Biochem. Anal.”, 2, 279, ed. D. 
(Interscience, 1955). 
? Abreu, L. A., Abreu, R. R., and Villela, G. G., Proc. Soc. Exp. Biol. and 
Med., 94, 375 (1957). 


* Weimer, H. E., Quinn, F. A., Redlich-Moshin, J., and Nishihara, H., 
J. Nat. Cancer Inst., 19, 409 (1957). 


Glick 


Paper Chromatography of Cell Fragments 


THE observation and analysis of isolated cell 
fragments gives much information on the way in which 
the more complex structures are put together. The 
usual method used for separating cell fragments is 
differential centrifugation, in which the difference in 
size and particle density is the determining factor. 
Albertsson! has studied the separation of cells and cell 
fragments using column chromatography. This is a 
method of interest since it separates the cell fragments 
on the basis of the physical and chemical properties 
of the surface of the particles. This -»mmunication 
poiats out that the well-known tecin que of paper 
chromatography can be extended from the separation 
of molecules to the separation of cell fragments of 
very large molecular weight. 

To illustrate this phenomenon an experiment is 
described: to 0°15 ml. of spinach chloroplasts were 
added 0:1 ml. of water and 0:2 ml. of “Teepol’ and the 
whole mixed. (The chloroplasts were prepared by the 
method of Arnon et al.?, except that 0°5 M sucrose was 
used in place of 0°35 M sodium chloride. “Teepol’ is a 
detergent manufactured by Shell Oil Co. It is a 21 per 
cent solution of sodium sec. alkyl (C1o—Cig) sulphonate.) 
Five ul. of this was placed on the origin of a paper 


chromatogram and run while still moist, using water as | 
solvent. A green spot ran with an Ry of 0°5. Untreated | 


chloroplasts do not run but remain on the origin. That 
this is not simple chromatography of water.soluble 
material, can be demonstrated by elution of the spot 
with water and centrifugation at 30,000 g for 1 hr. at 
4° C. This treatment removes all the green colour to 
the bottom of the centrifuge tube. That cell fragments 
can be separated by paper chromatography can be 
demonstrated by running the above material on a 
two-dimensional (water-water) chromatogram. Under 
an ultra-violet lamp the green spot can be seen to be in 
reality two spots—one which appears black, followed 
by one which fluoresces red. Both these spots have 
been eluted separately and centrifuged at 30,000 9 
for 1 hr. at 4° C., which removes the colour to the 
bottom of the centri:uge tube. 

The mechanism of the above phenomenon is some- 
what puzzling. The spots do not tail but run as nice 
round spots, even exhibiting (when run in two 
dimensions) the ‘swiggles’ so familiar in normal paper 
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chromatography. The mechanism may be some form 
of adsorption chromatography. From considerations 
of the energies of surface adsorption of large molecules, 
and the fact that the spots do not tail, it seems that 
only very few groups are involved at any one time in 
the adsorption of one cell fragment. This may be due 
to the surface curvature of the cell fragments and the 
paper fibres. 

This phenomenon should be useful for the simul- 
taneous application of the techniques of chemical 
analysis and electron microscopy to obtain information 
about the chemical structure of the cell. 

I am indebted to Mrs. I. Lindahl for technical 
assistance and to Dr. R. L. M. Synge for helpful 
discussions. 

A. T. WILSON 


Institute of Nuclear Sciences, 
Lower Hutt, 
New Zealand. 


1 Ajbertsson, P., Nature, 177, 771(1956). 


* Arnon, D. a et ‘al., Biochim. et Biophys. Acta, 20, 450 (1956). 


Some Pharmacological Effects of 
Staphylolysin on the Isolated Rat Uterus 


THE effect of staphylolysin on isolated organs has 
been hitherto studied mainly on isolated strips of 
rabbit or guinea pig gut!-®. The administration of 
the toxin causes a slow contraction, followed by 
unresponsiveness to the further application of toxins 
or drugs. It seemed to be of interest to perform 
experiments on the isolated uterus of the rat which 
does not respond to histamine. 

Strips of the isolated rat uterus were set up in a 
5-ml. bath of de Jalons fluid at 29°C. A batch of 
staphylolysin was obtained from the Institute for 
Sera and Vaccines in Prague. (We are very much 
indebted to Dr. Souckova for the generous gift.) 

The toxin was kept at about —15°C. in ampoules 
containing 0-5-1-0 ml. of the fluid toxin. Its toxicity 
was 6 x 10-4 ml. per 15-20 gm. of mouse. A repeated 
toxicity determination after two months revealed 
no changes. 

The response of the inclated 'rat uterus differed 
according to the dose of toxin applied. When a 
concentration of 2x 10-4 ml. per ml. was added to 
the bulk fluid, the spontaneous motility of the uterus 
strip increased but the tissue responded normally to 
acetylcholine and 5-hydroxytryptamine. 

When the dose of toxin is increased to 10-3 ml. per 
ml. a tonic contraction usually appears together 
with the increase in spontaneous motility. When the 
dose is further increased, contracture developed 
slowly and even after washing the organ several times, 
the tissue remains unresponsive to acetylcholine or 
5-hydroxytryptamine, whereas with the intermediate 
doses of toxin, repeated washing leads to reappearance 
of acetylcholine and 5-hydroxytryptamine sensitivity. 
The onset of the staphylolysin effect, whether increased 
spontaneous motility or slow contracture is charac- 
terized by a latent period, which is directly propor- 
tional to the dose administered (Fig. 1). 

Washing of the organ during the latency period 
did not prevent the appearance of various effects 
according to the time when the washing is performed. 
The sooner the washing is carried out (within the 
first 2 min.), the easier it was to prevent the appear- 
ance of the staphylolysin reaction. When washing 
takes place 4 min. after the toxin administration 
(2x 10-3 m./ml.) the usual contracture takes place. 
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Fig. 1. Isolated rat uterus. Time/doses relation after admini- 


stration of staphylolysin. Ordinate, latency 
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period (min.) ; 


At present it is not clear what kind of reaction takes 
place, as the rat uterus does not respond to histamin 
As the responses of the preparation to acetylcholine 
were unimpaired and as the toxin effects were not 
blocked by atropine (5x 10-7 g./ml.), my results 
appear to afford some support to the view of Brown, 
Prichard and Quilliam® that the staphylococcal 
a-toxin can act by a direct muscle-stimulating effect. 

It is of interest to note, however, that the 5-hydroxy- 
tyramine-antagonists, namely, lysergic acid di- 
ethylamine and ‘Cepentyl’ (a Spofa Prague product 
cycloacylamide of d-lysergic acid) in the dosage 
2x 10-* gm./ml. or 10-° gm./ml. of the usual toxin 
response or abolish it completely. 

Further investigations are being undertaken in 
an endeavour to elucidate the mode of action of the 
toxin. 

B. WIEGERSHAUSEN 

Pharmacological Laboratory, 

Czechoslovak Academy of Science, 
Praha. « 
Sept. 1. 
* Feldberg, W. i og Kellaway, 
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? Richmond, J. ¢ a Reed, = I., Shaughnessy, 


J. Bact., 44, 201 (1942 

? ao oe James, D. vn and Marks, J., J. Hyg. (Camb.), 52, 492 
1954 

ir ow M., Baldwin, H. S., and Smart, K. M., J. Allergy, 27, 39 


Brit. J. Pharm, 


C. H., Aust. J. Exp. Biol. Med. Sci., 
H. S., and Michael, V.., 


‘iene Db. A., Prichard, B. N. C., and Quilliam, J. P., 
Chem. 5 59 (1959). 


In vitro Cultivation of Blood Cells of Drosophila 
melanogaster in a Synthetic Medium 


ALTHOUGH there have been a number of attempts 
to culture insect cells in vitro, with some successful 
results!»*, these investigations have mainly been on 
organ growth, cell survival and parabiotic develop- 
ment. In recent years, Wyatt? and Grace‘ have 
attempted to culture insect tissues to study their 
multiplication and for the titration of insect virus, 
and to investigate the process of virus transmission 
by insects. Their techniques seem to be extremely 
useful for the solution of problems of insect genetics 
as biochemical, physiological, morphological, and 
pathological procedures. 

Furthermore, the pronounced advances in the 
study of the genetics and biochemistry of micro- 
organisms in recent years has stimulated the study 
of single somatic mammalian cells in vitro. The work 
of Puck® is an example of this type of study. 

In the present work, a new culture medium for 
culturing the blood cells of larve of Drosophila 
melanogaster was devised in order to investigate the 
genetic and biochemical relations among various 
insect single cells. 
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The in vitro culture of insect blood cells has lagged 
behind plant and mammalian tissue cultures for many 
years because of the difficulties of culturing insect 
tissues (for example, the presence of tyrosinase in 
insect hemolymph and the difficulty of rearing 
insects under sterile conditions). The new synthetic 
medium reported here makes possible the relatively 
long-term culture of insect blood cells. 

Newly laid eggs were sterilized for 30 min. with 
0-05 per cent mercuric chloride dissolved in 70 per 
cent ethyl alcohol. They were then transferred to 
autoclaved bottles containing food, the components 
of which were malted rice, sugar, peptone, yeast 
powder and agar. Third-instar larve (about 80 hr. 
old after hatching at 25°C.) of various strains grown 
in these sterile conditions were transferred into the 
sterile synthetic medium contained in a depression 
slide. The blood cells were obtained by stabbing 
larval bodies with a needle under a binocular micro- 
scope in a glass sterilizing chamber. 

In this case, the blood cells obtained from ten 
larve which were dispersed in 1 ml. of the synthetic 
medium showed an optimal concentration (about 
500-1,000 cells per 1 mm.*). This suspension of 
blood cells was removed from the depression slide 
and transferred to roller tubes. The volume of 
medium in a roller tube was made up to 1-0 ml., 
and the tubes were rotated at 1 revolution per 5 min. 
at 25°C. The components of the synthetic medium 
are shown in Table 1 

These substances were separated into ten groups to 
make basic stock solutions, and were kept at 0°C. 
The proper mixture of the stock solutions was adjusted 
to pH 6-4 with sodium hydroxide, and sterilized by 
filtration through a Seitz filter. One drop of the 
cell suspension was taken from the culture tube with 
a pipette every other day for hemocytometer count. 

In these roller tubes the blood cells showed normal 
movement and mitosis for at least 2 weeks during 
which the medium was not changed. The cells 
degenerated less rapidly in this improved medium 
than in the (K-6) medium? previously used. When the 
new medium was changed twice a week in a hanging- 
drop culture, survival and mitoses of the blood cells 
were observed even after 75 days. After 75 days, 
however, blood cell mitosis becomes slow and inter- 
mittent. Subcultures of the blood cells in roller tubes 
have not yet been attempted. In the rotating roller 


Table 1. COMPONENTS OF THE SYNTHETIC MEDIUM 
Substances per Substances per 
100 ml. 100 ml. 
(mgm.) (mgm.) 
L-Arginine hydro- 56 NaCl 700 
chloride KCl) 20 
DL-Lysine hydro- 100 CaCl,-2H.0 2 
chloride MgCl,-6H,O 10 
L-Histidine 200 NaHCO 5 
L-Aspartic acid 28 NaH,P0,: 2H,0 20 
L-Asparagine 28 Glucose 80 
L-Glutamic avid 58 Thiamin 0-005 
L-Glutamine 48 Riboflavin 0-005 
Glycine 52 Pyridoxine hydro- 0-0125 
DL-Serine 88 chloride 
DL-Alanine 36 Niacinamid 0-0125 
@-Alanine 16 Calcium-pantothenate 0-005 
L-Proline 28 Ascorbic acid 25 
L-Tyrosine Biotin 0-005 
DL-Threonine 25 Folic acid 0-005 
DL-Methionine 8 Choline hydrochloride 0-25 
L-Phenylalanine 12 Inosit te 0-025 
DL-Valine 16 p-Aminobenzoic acid 0-025 
DL-Isoleucine 8 Vitamin A 0-05 
DL-Leucine 12 Vitamin B,, 0-05 
L-Tryptophan 8 Sodium acetate 5 
L-Cystine 2 Glutathione 1 
Cysteine hydro- 6-4 Diphospho camel 0-1 
chloride nucleoti 
Pentosenucleic acid 50 
Cholesterol 3 
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tube culture the cells did not form sheets as is 
occasionally observed in stationary cultures or in 
hanging-drop cultures. 

Recently, it was found that blood cells of the third- 
instar larve of Oregon-R increased 7-5-8 times in 
number in 8 days whereas cells of some tumour 
strains increased only 3 times during the same period. 
This fact indicates that there may be differences in 
the mitotic activity of the blood cells of different 
strains of D. melanogaster. Experiments on this 
problem are being carried out. The techniques 
described here should provide a useful tool for 
studying genetic and biochemical problems such as 
transformation in insect blood cells. 

We wish to express our thanks to Prof. H. Kikkawa 
for his advice and encouragement in this work. 

Masaxkatsu Horikawa 
YUKIAKI KURODA 
Department of Biology, 
Faculty of Science, 
Osaka University, 
Osaka, Japan. 
Aug. 19. 
? Gaurilov, W., and Cowez, S., Ann. Parasitol, humaine et comparée, 
18, 180 (1941). 
? Schmidt, E. L., and Williams, C. M., Biol. Bull., 105, 174 (1953). 
? Wyatt, S. S., J. Gen. Physiol., 39, 841 (1956) 
“ Grace, T. D. C., J. Gen. Physiol., “41, 1027 (1958). 
5 Grace, T. D. U., Science, 129, 249 (1958). 


* Puck, T. T., J. Cell. Comp. Physiol., 52, Supp. 1 (1958). 
’ Horikawa, M., Cytologia, 23, 468 (1958). 


Possible Relation between Carcinogenicity 
and Ease of Hydrolysis in vitro of Derivatives 
of 2-Aminofluorene 


THE carcinogenicity of 2-acetylaminofluorene (I) 
administered orally to rats, was first reported in 1941 
by Wilson, DeEds and Cox?. Subsequent studies 
showed that the free amine (II) was substantially as 
carcinogenic in this species as the acetyl derivative’. 
The values for LD;, on the basis of millimoles per 
kgm. also were found to be essentially the same’. It 
was then postulated that the free amine may be thie 
essential carcinogen and that deacetylation is a 
necessary prelude to carcinogenesis‘. Studies in vivo 
with 2-acetylaminofluorene labelled with carbon-!4 
in the w-position® revealed that deacetylation cid 
indeed occur®:?, In subsequent experiments in vitro 
the ability of rat liver slices and homogenates to 
deacetvlate 2-acetylaminofluorene was demonstra- 
ted®}*, Thus, N-derivatives of 2-aminofluorene that 
are difficult to hydrolyse to the free amine should be 
less carcinogenic than those that are easily hydro- 
lysed. It is true, of course, that if a substituent 
renders the compound non-absorbable from the gut 
it would not be carcinogenic, even though it was 
hydrolysed readily both in vivo by liver enzymes, and 
in vitro by acids. On the other hand, derivatives that 
are converted to 2-aminofluorene by reactions other 
than hydrolysis would be carcinogenic. 

The purpose of this investigation was to compare 
the relative ease of hydrolysis in vitro of several 
N-acyl derivatives of 2-amino fluorene (II). The 
compounds studied are listed in Table 1. Compounds 
IV, V and VI were prepared by adding slowly, with 
stirring, 0-20 mole of o-, m-, or p-toluic acid chloride 
to a solution of 0-15 mole of IT in 250 ml. of refluxing 
benzene. Each isomer was recrystallized from a 1:1 


mixture of methyl cellosolve and 95 per cent ethanol. 

Each compound was hydrolysed by adding 0-5 ml. 
of water and 0-3 ml. of 12 N hydrochloric acid to 
0-00025 mole of fluorene derivative dissolved in 1 ml. 
of glacial acetic acid, and heating on a boiling water 
This procedure gives 100 per cent 


bath for 1 hr. 
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hydrolysis of 2-acetylaminofluorene (I). The extent 
of hydrolysis was determined by diazotizing the 
resulting free amine (II) and coupling with the 
disodium salt of 2-naphthol-3,6-disulphonic acid, 
using a modification of the colorimetric method 
described by Westfall?°. 

Table 1. HYDROLYSIS AND CARCINOGENICITY OF DERIVATIVES OF 

2-AMINOFLUORENE 








¢ Anal. Foundt % 
| m.p.* ———— Hy droly- Carcino- 
. Cc H N sis genicity 
ase CH,CO- 194 100 +++ 
yy H- 127 +++ 
ITl’? C,H,CO- 219-220 26-8 
I\ o-CH,; = 
C,H,CO- 219-220 84-40 5:55 4-82 70 
\ m-CH ,- ; 
C,H,CO- 192-193 84:37 5-67 4-85 24-8 
VI -CH;- 
C.H,CO- 217-218 84-22 5-64 463 22-6 
Vil o-HOOC- 
C,H,CO- 298-299 92-7 
VilI'®’ NH.CH,- 
co- 188-189 53-0 ++ 
IX"! = p-CH;- X 
C,H,S0,- 160-161 4-9 0 


* All melting ~~ are uncorrec — 
+ Anal. Calc. C, 84:25; H, 5-72; 
( hi mical Lab.). 


, 4°68 (Analyses by Rowland 


The results (Table 1) show that there is a consider- 
able difference in the ease of hydrolysis in vitro. The 
acetyl derivative (I), is the most easily hydrolysed of 
the compounds studied. This is closely followed by 
the phthaloyl (VII). The tosyl is hydrolysed to the 
least extent. 

it is known that I is very carcinogenic while III is 
only slightly active!!. It might be predicted that any 
2-aminofluorene derivative which is hydrolysed to the 
extent of about 50 per cent or more under the condi- 
tions of this experiment would be quite carcinogenic. 
Thus, the phthaloyl derivative, VII, would be 
expected to be as carcinogenic as I or II, while the 
glyeyl derivative (VIII) would be moderately active. 
The m- and p-toluoyl derivatives should be compar- 
able to the benzoyl derivative (III) and have a much 
lower carcinogenicity than I or II. The tosyl deriva- 
tive (IX) is non-carcinogenic!?. The o-toluoy]l deriva- 
tive (IV) is hydrolysed to only a slightly greater 
extent, 7-0 versus 4-9 per cent. It is predicted that 
this will have little detectable activity. 

To test these carcinogenicity predictions, one of the 
previously untested compounds, 2-glycylaminoflucr- 
ene (VIII)* was administered by stomach tube 
(8 mgm. in 1 ml. 1 per cent methylcellulose 5 tines 
weekly for 20 weeks) to young adult male Wistar rats. 
Six of 20 rats so treated developed cystic cholangio- 
mas, with the first tumour appearing at 57 weeks. In 
a group of 23 rats receiving the same dose of I, 10 rats 
developed liver tumours ; the first tumour was found 

t 29 weeks. Thus, the latent period for liver carcino- 
genesis by VIII is practically twice that of I. As 
predicted by the hydrolysis data, VIII is a carcinogen 
having a moderate activity compared to I. 

A study of the relative carcinogenicities of IV, V, 
Vi and VII is being made by Dr. H. P. Morris of the 
National Cancer Institute. 

We are grateful to Charles J. Osterholt, jun., and 
Martin Nemerow for technical assistance and to 
L. H. Rombach and I. R. MacGregor for a sample of 
compound VIII. This work was supported by 
research grants C-1356 and C-1066 from the National 

* In their review* Weisburger and Weisburger state that carcinogeni- 
city data on this compound have been published by Hirs (ref. 13). 


However, the compound synthesized by Hirs and tested by Twombly 
Was actually N-(2-fluoreny])-glycine and not 2-glycylaminofluorene. 
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Cancer Institute, National Institutes of Health, U.S. 
Public Health Service. 
Mary F. Arcus 
Francis E. Ray 
Cancer Research Laboratory, 
University of Florida, 
Gainesville, Florida. 
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Changes in the Level of Serum Protein 
during Treatment of Kwashiorkor 
CHANGES in the level of serum proteins during 
the dietary treatment of kwashiorkor have been 
reported!. As these changes appear to be a consistent 
feature of the recovery process, it was thought 
desirable to place them on a statistical basis. 
Examination of the results of analyses of the serum 
of some 429 cases of kwashiorkor, before and after 
treatment in Nigeria, gave the following results : 


Before treatment Upon recovery 


(gm./100 ml.) (gm./100 ml.) 
(Means) Total proteins 4:27 + 0-84 6-5 + 1:01 
Serum albumin . - 17 +054 3-5 + 0-77 
Coefficient of correlation between 
total proteins and serum albumin 0-59 0-73 
Coefficient of correlation between 
total proteins and serum globulins. . 0-45 0-48 


It seems, therefore, that the concentration of serum 
y-globulin is independent of the total protein-level 
during the treatment of kwashiorkor. On the other 
hand, the imbalance in the relationship between total 
serum proteins and albumin, in the acute phase of the 
disease, is corrected during treatment by increasing 
the concentration of the latter in the direction of 
restoring the proportionality between the two. 

These data may serve as an accurate means of 
detertmining the prognosis in cases of kwashiorkor under 
nutritional care. 

My thanks are due to Dr. Cotiis and Dr. Hills of the 
University College Hospital, Ibadan, for allowing 
me to consult their clinical records. 

OLUMBE BassIRr 
Biochemistry Laboratory, 
University College, Ibadan. 
Sept. 8. 


1 Senecal, J., Ann. New York Acad. Sci., 69, 916 (1958). 


Oleuropeic Acid: a New Compound from 
Olea europza 

WE have recently announced! the isolation of 
oleuropein from Olea europea which proved to be a 
double ester of glucose with protocatechuic acid and 
a second, as yet undescribed, non-aromatic acid. 
We have now succeeded in elucidating the structure 
of this compound—oleuropeic acid. It could be 
isolated by alkaline hydrolysis of oleuropein with 
subsequent fractionation of the hydrolysate from 
different solvents. 
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It crystallizes from water as colourless plates or 
needles (dimorphism) of m.p. 160°. It is slightly 
soluble in water, readily soluble in ether, alcohol 
and acetone. It is strongly levorotatory ([a]p= —100° 
in methanol). Oleuropeic acid has the composition 
C, 5H,,0;. Titration with alkali proves the presence 
of one carboxyl group per mole and the addition of 
bromine and the reaction with potassium perman- 
ganate proves the presence of a double bond. The 
infra-red absorption spectrum shows the absorption 
bands for a hydroxyl group, a carboxyl group and a 
double bond. Catalytic hydrogenation abolishes the 
optical activity. C,9H,,0;, does not show the 
absorption band for a double bond in infra-red. 

Treatment of the oleuropeic acid with 6 N sulphuric 
acid also abolishes the optical activity by eliminating 
methanol and causing the disappearance of the 
absorption band of the hydroxy] in infra-red. 

Aromatization of the oleuropeic acid with sulphur 
also eliminates methanol, abolishes the absorption 
band for hydroxyl and produces in a good yield 
2.6-dimethyl benzoic acid (xylic acid). Ozonization 
of the double bond of oleuropeic acid prodnees a 
compound which gives a positive test with sodium 
nitroprusside (—CO.CH, group) and reduces Fehling’s 
solution (—CHO group), thus demonstrating the 
vicinity of the double bond to a methyl group. 

These findings clearly established the structure of 
oleuropeic acid as : Des area 


HOH,C COOH 


Cc 
tiie. 


H,;cC—— sd oo 


HC! S ? CH, 
il, ate 

or 

CH> 
BARUCH SHASHA 
JESHAIA LEIBOWITZ 

Department of Biological Chemistry, 
Hebrew University, 
Jerusalem. 


2 Baruch ‘- asha and Jeshaia Leibowitz, Bull. Res. Coun. Israel, 8, A 
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ANIMAL PHYSIOLOGY 


Insulin and Hypersensitivity 

It was reported in 1957! that a single administration 
of insulin renders the rat more sensitive to the 
inflammation produced by injections of egg white or 
dextran. The mechanism by which insulin exerts this 
effect is not known, and we have now studied this 
problem. 

In the first experiments, it was confirmed that intra- 
peritoneal injections of soluble insulin (4-12 units/ 
kgm.) given 15 min. before egg white (24 ml./kgm.) 
or dextran (300 mgm./kgm.) aggravated the anaphylac- 
toid reactions; its speed of onset was increased, and 
the reaction which developed was so severe that many 
rats died from intestinal hemorrhage. Moreover, doses 
of the inflammatory substances which were non- 
effective per se became effective in the presence of 
insulin. For example, an intravenous or intraperi- 


toneal dose of 30 mgm./kgm. dextran produced no 
cedema of the extremities nor blueing of the feet of the 
rat which had received Evans blue intravenously, yet 
in the presence of yoga the reaction was intense. 
Similarly a dose of 2 


*5 ugm./kgm. dextran injected 
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subcutaneously into the dorsum of one foot produced 
extensive cedema in the other foot, ears and nose, only 
when insulin had been previously injected subcutane- 
ously. 

Next, the course of anaphylaxis was found to be 
greatly modified by insulin. Rats were sensitized to 
egg white? and 15 min. before the challenge with the 


antigen insulin was injected subcutaneously. The 
shock value of the rats was greatly increased and many 
animals died. On the other hand, shock was minimal 
when the insulin was given before the sensitization of 
the rats. Insulin therefore does not affect the forma- 
tion of antibodies but renders the animal more sensitive 
to the antigen—antibody reaction or to the products 
of this reaction. Pretreatment of the animal with 
insulin however did not alter the Dale-Schultz reaction 
of the isolated colon or uterus, and there was only a 
slight increase in the toxicity of histamine or 
5-hydroxytryptamine. 

In further experiments, the effect of insulin on the 
production of cedema in the paw of the rat by the 
local administration of several agents? was investi- 
gated. Cidema was measured visuaily and by a 
water-displacement method, whilst blueing was 
studied in rats which had received Evans blue intra- 
venously. Pretreatment of the rat with insulin 
however failed to modify the response after local 
injections of histamine (100 ygm.), 5-hydroxytrypta- 
mine (0°5 ugm.), polymyxin B (1 ygm.) or compound 
48/80 (1 ugm.). 

The potentiating effect of insulin on the anaphylac- 
toid reaction and on anaphylaxis may be similar to 
that of thyroxine or Haemophilus pertussis vaccine, or 
when the animal is adrenalectomized or hypophysec- 
tomized. Hypoglycemia is a factor common to these 
different procedures and may be accelerating the 
absorption or distribution of egg white or dextran. On 
the other hand, the target organs may be made more 
sensitive to the active materials by virtue of a change 
in the permeability of the endothelial cells in the 
tissues. Further work on the mechanism of action of 
insulin by which hypersensitivity may be produced is 
now in progress. 

R. K. Sanya 
Department of Pharmacology, 
Darbhanga Medical College, 
Bihar, India. 
P. 4 J. SPENCER 
G. B. West 
Department of Pharmacology, 
School of Pharmacy, 
29-39 Brunswick Square, 
London, W.C.1. 
Sept. 11. 
* Adamkiewicz and Langlois, J. Physiol., 145, ad (1959). 


> Sanyal and West, J. Physiol., 142, 571 (195 
s Parratt and W est, Be hysiol., 139, 27 (1957). 


Cardiac Output in Horses 

IN a previous communication we described the 
determination of the cardiac output in cattle by an 
injection method using 7'.1824 as the intravascular 
indicator!. The same method was used to determine 
the cardiac output in horses. The technique used for 
obtaining arterial blood samples from the brachial 
artery of horses was that described by Fisher?, and for 
convenience the serial arterial blood samples were 
collected at 2-sec. intervals. Duplicate determinations 
of the cardiac output were carried out on 10 adult 
horses which, so far as could be ascertained, had 
normal cardio-vascular systems. The 10 horses on 
which the determinations were made were not at the 
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time working or getting regular exercise. They were 
allowed to settle in their surroundings for some time 
prior to making a determination, and during the 
manipulative procedures excitement of the subjects 
was avoided as far as possible. Pulse-rates were taken 
during the injection of the dye and collection of arterial 
blood samples, and during this procedure the pulse- 
rates remained unaltered and all were within the range 
of 35-55 beats per minute. Table 1 shows the results of 


Table 1 


Weight Cardiac output Cardiac output 
Breed Horse (kgm.) (1./min.) (as ml./kgm./min.) 
Garron a 1 373 24 64 
25 67 
Arab hunter .. 2 509 36 a 
40 79 
Clydesdale 3 534 40 75 
37 69 
Clydesdale 4 562 39 69 
42 73 
Clydesdale 5 568 35 62 
38 67 
Clydesdale 6 615 46 75 
50 81 
Clydesdale 7 636 60 94 
57 90 
Clydesdale 8 683 47 69 
56 82 
Clydesdale X 9 760 55 71 
51 67 
Clydesdale .. 10 786 70 89 
56 71 


Mean value 74 + 9 


duplicate determinations on 10 horses. The mean 
value obtained for the cardiac output of 74 + 9 ml./ 
min./kgm. body-weight is similar to that determined 
by Zuntz and Hagermann? of 75 ml./min./kgm. body- 
weight for resting horses. These values for the horse 
are much lower than the value previously obtained in 
cattle of 1138 +11 ml./min./kgm. body-weight! and 
that of sheep found by Schambye? and the goat found 
by Barcroft e¢ al.5 (1919). 

E. W. FIsHER 

R. G. Darton 


University of Glasgow Veterinary School, 
Veterinary Hospital, 
Bearsden, 
Glasgow. 
Fisher, E. W., and Dalton, R. G., Nature, 183, 829 (1959). 
* Fisher, E. W., Vet. Rec., 71, 514 (1959). 
* Zuntz, N. O., and Hagermann, O., ‘‘Stoffwechsel des Pferdes”’, (Verlags- 
buchhandlung, Paul Parey, Berlin, 1898.) 
* Schambye, P:, Nord,. Vet. Med., 4, 1148 (1952). 
* Barcroft, J., Boycott, A. E., Dunn, J. S., and Peters, R. A., Quart. J. 
Med., 13, 35 (1919). 


A Relationship between Weight of Internal 
Fat, ‘Fill’, and the Herbage Intake of 
Grazing Cattle 


A SERIAL slaughter technique was used in 1956, 1957 
and 1958 to study ‘fill’ and carcass changes on spring 
pasture. Hereford cross-bred steers, aged 2—2} years, 
which had been subjected to different winter treat- 
ments were used. In each year, four separate groups of 
cattle were over-wintered on a high or a low plane of 
nutrition, in yards and outside in paddocks. Dif- 
ferences varying from an average of } to 14 cwt. per 
head were obtained in the different years between high 
and low plane groups by the end of winter. The low 
plane groups were fed less silage than the high groups, 
more straw, and no concentrates, to gain an average 
per head of } cwt. in one year to 14 cwt. in another, 
from January until April. z 

Representative samples of the cattle on each winter 
treatment were withdrawn for slaughter at date of 
turning to spring pasture in April; after three weeks of 
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spring grazing, in May; and after six, in June. Weights 
of contents of stomachs and intestines, and of the 
carcasses of the sample steers, were used to calculate 
gains in empty weight and carcass weight for the 
steers remaining at pasture. 

In 1956 it was found! that ‘fill’ at pasture was higher 
in groups previously fed on a low plane of nutrition 
than those wintered on a high plane. To determine 
whether this was associated with a higher daily intake 
of herbage, fecal production was measured during 
the six weeks of grazing in 1957 and 1958, using the 
chromic oxide technique. The daily intake of spring 
herbage by cattle wintered on a low plane was higher 
by 7 per cent in 1957 and by 11 per cent in 19582), 

Miakelé* has suggested that internal fat depots, as 
well as the gravid uterus of the in-calf cow, are 
sufficiently heavy to reduce the intake of bulky food 
by physical reduction of the volume of the body cavity. 
This hypothesis was tested in the cattle from the serial 
slaughter trial of 1957 and 1958 by calculation of 
crude and partial correlation coefficients between the 
factors fill, herbage intake, internal fat, and carcass 
weight. 

In the individual results from 8 cattle, internal fat 
= (weight of perinephric fat of right side x 2, plus 
kidney in 1957; without kidney in 1958, together with 
weight of caul fat) and fill (= (72), fill in field 4 hr. 
after sunrise by adding the loss in weight during the 
journey from field to slaughterhouse to the weight of 
contents of the stomachs (v3), omasum and intestines; 
(x3), stomachs contents: weight of contents of reticulo- 
rumen and abomasum) were significantly and nega- 
tively correlated in May, 1957 (Table 1). In June of 
Table 1. RELATIONSHIP BETWEEN INTERNAL FAT (y), HoT CARCASS 
WEIGHT (2,), AND WEIGHT OF FILL IN FIELD (x,) OR STOMACH CONTENTS 


AT SLAUGHTER (23) 
Date May 1957 June 1957 May 1958 June 1958 
Number of cattle 8 8 6 8 


Correlation 


coefficients 
ryt, +0:54 +0-62 +0-77 +057 
Tr Yi, —0-58 —0°38 — 0-26 —0:58 
Tr Yl, —0-79* — 0-47 — 0-06 —0-53 
 242_ —0:59 +0-33 +0-27 +0-20 
1 2,25 —0-59 +0°25 +0:39 +0-06 
Partial 
correlation 
coefficients 
TYL, «Ly —0°39 —0-80* —0-75 —0-86* 
rYL, 2, —0-69 —0-82*  —0-62 —0-69 


*0-01 < P < 0:05 


1957 and 1958, significant partial correlations were 
found between fill and internal fat when carcass weight 
was held constant. A higher general level of fill 
existed in each year in June than in May, associated 
with the more fibrous herbage on offer at the later 
date. 

The relationship between internal fat and the daily 
intake of herbage was studied by statistical analysis of 
the mean fat and mean fecal production of each of the 
four winter-treatment groups. These groups were 
grazed separately, on different plets of the same spring 
pasture in 1957. In 1958, however, the four winter 
treatment groups were united in the same paddock for 
spring grazing. The feces of each group were sepa- 
rately identified by dosing the steers with polystyrene 
particles of four different colours, distinguishable in 
the field5. Herbage on offer was identical for all 
groups; and, since fecal composition confirmed that 
digestibility of the herbage selected was the same, 
fecal production was used as a direct measure of: 
differences in herbage intake. Table 2 shows, for 


Table 2. RELATIONSHIP BETWEEN INTERNAL FAT (y) AND MEAN DAILY 
FAECAL DRY MATTER PRODUCTION (x) (MEAN VALUES FOR FOUR GROUPS 


OF 2 STEER 
ate May, 1957 June, 1957 June, 1958 
Correlation coefficients —0-88 —0-82 —0-99* 
*P<0-01 
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June, 1958, a highly significant negative correlation 
between the mean fecal production (for 12 days before 
slaughter) and mean internal fat weight of the four 
differently wintered groups (each of 2 cattle) grazing 
on spring pasture. The mean weight in lb. of hot 
carcass at slaughter in June, internal fat and daily 
production of fecal dry matter for the four groups 
over-wintered on treatments high yard, high pasture, 
low yard, low pasture in 1958 were respectively 723, 
750, 728, 682; 42°6, 33°2, 29-0, 22:0; and 5°95, 6°69, 
6°97 and 7°31. 

The evidence presented shows that ‘fill’ weight (with 
the influence of carcass weight removed) is lower in 
steers carrying more internal fat. This suggests a 
physical cause for the lower intake by groups pre- 
viously fed on a higher plane of nutrition. There 
remains the possibility that weight of internal fat is 
itself associated with a stage of physiological maturity 
which affects or controls appetite. If, however, a 
causal relationship can be accepted, the limitation of 
bulky food by fat, and by the gravid uterus of the 
pregnant animal, may be of importance in ruminant 
husbandry. In order to maintain high nutritional 
status in late pregnancy, and to avoid ketosis, it may 
be necessary either to ensure a low level of fatness or to 
increase the proportion of concentrates to bulky food 
in the diet. It may be inferred, also, that cattle most 
suited to the utilization of bulky feed would be those 
inherently low in perinephric adipose tissue. 

The higher intake of spring herbage by store cattle, 
than by those well fed in winter, contributes towards 
their more rapid carcass gains or ‘compensatory 
growth’. In relatively short extra periods of grazing, 
the carcasses of these store cattle can be brought to 
weights equal with those of steers wintered at higher 
feed levels. The system of providing a winter store 
period for cattle to effect economy in feeding is thus 
supported by the fact that recovery in carcass weight 
is made, in part, by the greater intake of relatively 
cheaply grazed spring herbage. 

Thanks are accorded to Dr. William Davies for 
facilities provided, and to Mr. C. D. Kemp and Miss 
E. M. Cooper for statistical treatment of the data. 


J. C. TAYLER 
Grassland Research Institute, 
Hurley, Berkshire. 
Sept. 7. 

1 Tayler, J. C., Alder, F. E., and Rudman, J. E., Nature, 179, 197 (1956). 
* Tayler, J. C., Alder, F. E., and Rudman, J. E., Exp. Prog. No. 10, 
Grassl. Res. Inst., Hurley (1958). ty 
* Tayler, J. (., Alder, F. E., and Rudman, J. E., Exp. Prog. No. 11, 
Grassl. Res. Inst., Hurley (1959). ay 
¢Makelfi, Aarne, Suomen Maataloustieteellisen Seuran Julkaisuja, 85 

Acta Agralia Fennica (1956). net 
* Minson, D. J., Tayler, J. C., Alder, F. E., Raymond, W. F., Rudman, 
J. E., Line, C. E., and Head, M. J., J. Brit. Grassl. Soc. (in the press). 


Reduction in the Ancestrus Period of 
Laboratory Cats by Increased Illumination 

THE occurrence of breeding is closely associated 
with climatic conditions and the periodicity of the 
seasons. Increased length of illumination advances 
the date of the first oestrus in mammals like the 
ferret}»?, and was briefly reported by Dawson* to 
have a similar effect on cats maintained in Cambridge, 
Mass. ; 

The present study was carried out to determine 
the practical value of increased illumination for cats, 
bred, reared and maintained under controlled con- 
ditions of feeding, heating and ventilation. It has 
been shown‘ that cats in this colony are usually 
ancestrus during October, November and December. 
Ten healthy female cats aged 15-18smonths were 
subjected to increased illumination during the autumn 
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and winter. Artificial light was provided by a 5 ft. 
fluorescent ‘daylight’ lamp, controlled by a time-clock, 
suspended over the animals’ pen. The duration of 
the additional artificial light was calculated and 
continually adjusted to give 12 hr. light and 12 hr. 
darkness from September 27, 1958, until March 15, 
1959 (Fig. 1). 
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Fig. 1. 


Behavioural observations were made and vaginal 
smears collected twice weekly from the experimental 
group. Smears were taken from the colony of 22 cats 
maintained under conditions of ordinary daylight to 
act as controls. 
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Fig. 2. Occurrence of the first cestrus cycle in Jeyperimental and 


control cats 


Nine out of ten experimental animals exhibited 
cestrus in late November and early December (Fig. 2), 
the first at 54 days from the beginning of the experi- 
ment. In all instances cstrus behaviour was 
associated with characteristic oestrus changes in the 
vaginal smears (disappearance of small basal epithelia! 
cells, appearance of large cornified cells with pyknotic 
nuclei and absence of leucocytes). In 8 cats regular 
cycles were at once established. These animals were 
successfully mated and afterwards used for experi- 
mental purposes. Of the 22 colony cats, one exhibited 
cestrus and was mated in November. The remainder 
were ancestrus until early January. 

Increased illumination is thus a simple method of 
improving the breeding performance of cats by 
spreading the supply of kittens more evenly throughout 
the year. This is an important point when con- 
sidering the economics of maintaining breeding cats 
under laboratory conditions. 

We thank our students, R. Mulligan and E. Bell, 
who assisted with the experiment, and Miss M. Powell! 
for technical help. 

Patricia P. Scorr 
Marny A. Lioyp-JAcos 
Department of Physiology, 
Royal Free Hospital School of Medicine, 
8 Hunter Street, London, W.C.1. 
Aug. 14. 
1 Bissonnette, T. H., Proc. Roy. Soc., B., 110, 322 (1937). 
2 Hammond, J., Nature, 167, 150 (1951). 
3 Dawson, A. B., Endocrinol., 128, 907 (1941). 
. Corts). P., and Lloyd-Jacob, M .A., Studies on Fertility, 7, 123 
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Effects of Reserpine on Secretion from the 
Denervated Adrenal Medulla 


IN a previous communication! it was reported that 
reserpine increases the adrenal medullary secretion of 
the anesthetized cat. It was briefly mentioned that 
this effect to a large extent depends on an intact 
innervation of the gland. More recent experiments 
have shown that part of the reserpine effect remains 
even after complete denervation of the adrenal. 

The technique used has largely been the same as in 
the last report. To cats of both sexes, weighing 2°5-4:0 
kgm. and anesthetized with ‘Nembutal’ (Abbott) 
intraperitoneally, 3 mgm./kgm. reserpine (‘Serpasil’, 
Ciba) was administered intravenously. Venous blood 
from the left adrenal was collected at intervals using 
an adrenolumbar-femoral vein shunt technique?. The 
adrenal vein plasma samples were assayed biologically 
on the cat’s blood pressure and the hen’s rectal cecum. 
In some experiments only the cat’s blood pressure was 
used and the results expressed in terms of noradrena- 
line equivalents on that preparation. The left adrenal 
gland was denervated by sectioning the left splanchnic 
nerves immediately below the diaphragm. The 
completeness of the denervation was tested by 
measuring the medullary secretion during exposure to 
an acute fall in arterial blood pressure, and in one case 
after an intravenous injection of insulin (51.U./kgm.), 
which are both known to cause a powerful reflex 
stimulation of the secretion from the innervated 
adrenal medulla. The fall in blood pressure was 
brought about by arterial bleeding of a volume 
sufficient to lower the blood pressure from about 
150 mm. to about 100 mm. mercury. 

After two periods of resting secretion, splanch- 
nicotomy was carried out. This caused a fall in the 
secretion-level by 75-90 per cent. Sudden lowering of 
the arterial blood pressure did not cause any increase 
in the secretion. On the contrary a certain decrease 
was seen, parallel to the reduction in flow of blood. 
The low denervation secretion-level remained quite 
constant over 1 hr. In every experiment reserpine 
caused a definite increase in the secretion as early as 
20 min. after the beginning of the reserpine infusion 
(Fig. 1). The maximum value, in this series obtained 
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Fig. 1. Effect of reserpine on the secretion from the denervated 


adrenal medulla. The lack of response to lowering of the arterial 
blood pressure indicates efficient denervation 
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Fig. 2. Effect of infusion of 5-hydroxytryptamine into the 
abdominal aorta, at the level of the left renal artery, on the secretion | 
from the adrenal medulla. Pretreatment with iproniazid 


75 min. after reserpine was given, was about ten times 
higher than the resting denervation level. 

Opinions about the effect of reserpine on the 
denervated adrenal have been controversial?->. The 
present experimental results seem to prove conclu- 
sively, that a certain stimulating effect on the secretion 
from the adrenal medulla of the cat remains even 
after complete denervation. However, the absolute 
values for the maximum secretion-level obtained in 
denervated adrenals are decidedly lower than the 
corresponding values with intact adrenal innervation. 
Thus the direct action of reserpine on the adrenal 
medulla seems to account for less than 25 per cent of 
the total effect. 

In order to analyse more closely the mechanism for 
this, the following in vitro experiments were carried 
out. : 

From cattle adrenals the particular intracellular 
fraction containing the catechol amines was isolated 
according to the method described by Hillarp e¢ al.® 
Aliquots of these granules were incubated in 0°55 M 
sucrose with reserpine in concentrations varying from 
5 x 10-8 to 5 x 10-* at pH 7:0 for 15 min. at room 
temperature or in some experiments at 37° C., while 
control samples were incubated with reserpine solvent. 
With this technique no difference was found in the 
cathechol amine-liberating capacity of reserpine and 
that of the solvent. 

Fresh cattle adrenals were perfused én vitro accord- 
ing to the method of Hechter et al.’ The perfusion 
fluid consisted of Tyrode’s solution aerated with 
5 per cent carbon dioxide in oxygen. The pH was kept 
between 7:0 and 7:4. The viability of the preparation 
tested by exposing it to acetylcholine 10-8, which was 
regularly caused a well-marked increase in the catechol 
amine content of the effluent. To the perfusion fluid 
reserpine was added in concentrations varying from 
5 x 10-8to5 x 10-6. No liberation of catechol amines 
from the adrenal medulla could be demonstrated. 

Unless species differences distort the picture, this 
evidence suggests that the effect of reserpine on the 
catechol amine stores is not direct. It seems necessary 
to assume that reserpine acts either by sensitizing the 
catechol amine-containing cells to the actions of some 
agent occurring in the blood, or that it acts via some 
kind of mediator substance. This might be a degrada- 
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tion product of the reserpine molecule itself, or some 
substance released into the blood by reserpine. 

It is tempting to consider the possibility, that 
5-hydroxytryptamine might be identical with this 
mediator substance, in view of the fact that it may 
cause under proper experimental conditions, a powerful 
stimulation of the adrenal medulla secretion (Fig. 2). 
This amine is believed to be liberated from its storage 
sites by a direct reserpine action’. However, the irre- 
gularity of the adrenal response to 5-hydroxytrypta- 
mine and the fact that the action of reserpine is not 
inhibited by the specific 5-hydroxytryptamine anta- 
gonist, 2-brom-lysergic acid diethylamide®, make it 
improbable that the action of reserpine on the catechol 
amines could be explained in terms of 5-hydroxytrypta- 
mine mediation. 

This investigation has been supported by a grant to 
one of us (L. 8.) from Svenska National-féreningen 
mot Tuberkulos och andra Folksjukdomar. 
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Trans-Unsaturated Acids in the Depot Fats 
of Ruminants and Non-Ruminants 


In 1954 we put forward a hypothesis! that the 
trans-acids content of the depot fats of ruminants may 
be explained by the hydrogenation of the dietary fatty 
acids from pasture effected by the rumen bacteria. 
No trans-acids were detected in pasture-fed non- 
ruminants and the small amounts of these acids found 
in the pig were attributed to the skim-milk diet. This 
hypothesis was afterwards elaborated in a more 
detailed report?. Recently Kihn and Liick® extended 
this investigation to the depot fats of other non- 
ruminants, and whereas no appreciable amounts of 
trans-acids were detected in most of the species 
examined, 4-6°3 per cent trans-acids were found by 
them in the domestic cat and 3-4 per cent in the 
human fat. The last two results are according to them 
difficult to reconcile with the hypothesis that the 
occurrence of trans-acids is confined to the fats of 
ruminants only. 

We believe that Kithn and Liick’s results rather 
confirm our hypothesis. We have stated in both our 
communications!? that the presence of trans-acids in 


the diet has a bearing on their occurrence in the depot . 


fats and quoted Sinclair’s* findings that the trans- 
octadec-9-enoic (elaidic) acid when incorporated in the 
diet was deposited by the rat. It naturally follows that 
trans-acids present in substantial amounts in dairy 
products, margarine and meat fats consumed by 
humans will appear in their depot fats. The same 
eould apply to the domestic cat with its partiality to 
milk. 

An additional support for our hypothesis can be 
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derived from the occurrence of trans-acids in the fxcal 
lipids of non-ruminants>-6. which points towards 
hydrogenation by the bacteria in the post-absorptive 
region of the gut; further, from the recent findings of 
Reiser and co-workers’ that a steer kept on a fat-free 
diet deposited only traces of trans-acids. These findings 
are consistent with the ¢trans-acids in ruminants 
originating from partial hydrogenation of the unsatura- 
rated fatty acids of the diet. Our hypothesis would be 
proved wrong if substantial amounts of travs-acids 
were found in the depot fat of a non-ruminant the diet 
of which contained no such acids. 

L. HartMan 

F. B. SHoRLAND 


Fats Research Laboratory, 
Department of Scientific and Industrial Research, 
Wellington, 

New Zealand. 
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Efficiency of the Mitochondrial 
Oxidative Phosphorylations in 
Intact Ascites Tumour Cells 

Ir has previously been shown that the incorporation 
of amino-acids into the proteins of ascites tumour cells 
is essentially the same both in the absence or presence 
of excess glucose under aerobic conditions and in the 
presence of excess glucose under anaerobic condi- 
tions!-8. These results indicate that the energy 
(adenosine triphosphate) required for the incorporation 
process can be furnished by endogenous oxidations of 
the tumour cells as well as by decreased oxidation 
(Crabtree effect) plus aerobic glycolysis, or by the 
anaerobic glycolysis alone, thus discounting the so- 
called respiratory impairment of cancer cells‘. 

Recently Quastel and Bickis? and Ibsen e¢ al.‘ 
determined the ratio of the lactate production by 
ascites tumour cells to the difference between the 
oxygen consumption of the cells in the absence and 
presence of glucose (AO). They found that the accumu- 
lation of lactate accounted for the decreased oxygen 
consumption in terms of production of adenosine 
triphosphate assuming a P:O ratio of 2°5-3°0 for the 
overall mitochondrial oxidations and a glycolytic 
production of 1 molecule of adenosine triphosphate 
per molecule of lactic acid formed. Accordingly, if the 
production and utilization of adenosine triphosphate 
remain constant in the absence and presence of 
glucose, the ratio between the lactate production (in 
u moles) and the AO (in u atoms) gives an approximate 
estimation of the P:O ratio of the mitochondrial 
oxidations of intact ascites tumour cells. 

Independently of the last-named authors, we have 
followed? a similar line of reasoning using the results of 
experiments carried out in continuation of our earlier 
work on ascites tumour cells!.2,6, It was found that the 
addition of the citric acid cycle intermediates succinate, 
malate and «-ketoglutarate to actively glycolyzing 
ascites tumour cells (S34 mammary carcinoma) 
resulted in an increase in oxygen consumption (A’0) 
and a decrease in lactate production (A’L). The 
individual ratios increased in the order succinate, 
malate and «-ketoglutarate. Table 1 illustrates one 
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Table 1. EFFECT OF CITRIC ACID CYCLE SUBSTRATES ON THE AEROBIC 
GLYCOLYSIS AND RESPIRATION OF S;A ASCITES CARCINOMA CELLS 
INCUBATED IN THE PRESENCE OF GLUCOSE 


Oxygen Lactate 
Extra consumption production A’L/A’O 
substrate (u atoms) (u moles) 

— 5-8 14:8 — 
Succinate .. 7-4 13-3 0-9 
Malate. - 72 11:0 2-7 
a-Ketoglutarate 5 7:3 8-5 4-2 


Glucose (24 wmoles) present in each flask. Extra substrate (24 moles) 
added as indicated. Incubated during 60 min. in Krebs-Ringer phosphate 
(0:03 M) buffer of pH 7-4 at 37° C. Freshly harvested ascites cells, freed 
from blood cells by one saline washing in the cold, were added in an 
amount corresponding with 9-1 mgm. of dry-weight; total volume 1-6 ml. 
A’L/A’O = (lactate production ‘with glucose—lactate production with 
glucose and extra substrate)/(oxygen consumption with glucose and 

extra substrate—oyxgen consumption with glucose alone). 


such an experiment carried out in Krebs—Ringer phos- 
phate buffer in which the A’L/A’O ratios amounted to 
0:9, 2:7 and 4:2 for the three substrates, respectively. 
Since this sequence parallels that of the P : O ratios 
(2, 3, and 4, respectively) as measured on isolated liver 
mitochondria, the present results are taken to mean 
that in the presence of a citric acid cycle substrate the 
aerobic glycolysis and the respiration of the tumour 
cells are inversely related according to the requirement 
‘ of the particular mitochondrial oxidation for adeno- 
sine diphosphate and inorganic phosphate. In the 
latter sense the results may give an admittedly very 
rough approximation of the P : O ratios. 

The decrease in the aerobic glycolysis after addition 
of «-ketoglutarate could also be demonstrated with 
intact ascites tumour cells suspended in bicarbonate 
buffer, with homogenates of such cells and of solid 
tumours, and with 20,000 g supernatants fortified with 
mitochondria isolated from the same homogenates or 
from liver, incubated in bicarbonate or histidine 
buffer. Table 2 illustrates some of the latter experi- 
Table 2. INHIBITION OF THE AEROBIC GLYCOLYSIS BY a-KETOGLUTARATE 


IN BROKEN-CELL PREPARATIONS OF ASCITES AND SOLID TUMOURS AND 
ITS REVERSAL BY ADENOSINE MONOPHCSPHATE 


Lactate Pj-Uptake 
Exp. Addition Production 
a-KG 
No. a-KG a-KG «KG a-KG disappeared 
Absent Present Absent Present 
1 — 18-7 11-7 1:3] 1-1 2-0) 
AMP 18-2 17-9 3 5, 3:7 1-6} 
Pj 23-2 16-3 3-1 3-3 2-3 
AMP + Py 28-5 28-7 9-6 8-9 2-1 
= ao 9-0 3-9 +0-7* +0-5* 5-6 
AMP 11-9 11:7 0-2 0-2 4:5 
AMP + Py 16-7 15°5 1-6 2-2 4:8 
3 -- 20-0 14:0 0-8 +0°3* 2-4 
AMP 22-2 22-0 +1-9% +1-2* 2:3 
4 —_ 16-7 11-1 1-2 1:3 2-6 
AMP 17-9 18:3 2-6 2-3 2-2 


* Release. 


Homogenates of the ascites tumour cells were prepared as described 
previously (ref. 6). Supernatants were obtained after centrifugation at 
20,000 g at 0° C. during 20 min. 10 » moles a-ketoglutarate (a-KG) added 
as indicated; total volume 1-6 ml. of medium mentioned in the text. 
The control flasks contained 4-0 u moles inorganic phosphate (Pj); 
adenosine monophosphate (9-6 u. moles) and/or Pj (7-8. moles) added extra 
as indicated. Gas phase: 95 per cent oxygen +5 per cent carbon dioxide. 
All quantities in ~ mole. 


Exp. No. 1: Homogenate of S3A ascites mammary carcinoma, prepared 
in bidistilled water, 0-3 ml./flask corresponding with 12-5 
mgm. dry weight ; incubated for 30 min. 

: Supernatant of S3A ascites carcinoma (0-3 ml., from 10 mgm. 
dry weight of the whole homogenate) fortified with liver 
mitochondria prepared in isotonic sucrose (0-1 ml. from 100 
mgm. fresh weight of mouse liver) ; incubated for 30 min. 
Supernatant of the transplanted interstitial cell carcinoma 
of the mouse testis 7 5358 (0-3 ml., from 100 mgm. fresh 
whole homozenate) fortified with mitochondria from the 
same homogenate (0-1 ml. from 330 mgm. fresh weight of 
tumour) —supernatant and mitochondria prepared in isotonic 
sucrose containing 10-3 M ethylenediaminotetra-acetate 
incubated for 40 min. 

Idem, with the transplanted hepatocellular rat hepatoma 

BY 252; incubated for 45 min. 


Exp. No. 2 


Exp. No. 3: 


Exp. No. 4: 
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ments carried out in bicarbonate buffer according to 
LePage’ with the omission of fructose diphosphate and 
potassium fluoride. That inhibition of the production 
of lactic acid by «-ketoglutarate in this system is due 
to a competition between glycolysis and respiration for 
adenine nucleotides is suggested by the prevention 
of the inhibition in the presence of adenosine mono- 
phosphate. 

Space does not allow further comment on these and 
other experiments carried out under varied experi- 
mental conditions; but it is hoped to publish the 
results in greater detaii elsewhere. Finally, it should 
be noted that the present investigation deals with the 
reversion of the Crabtree effect, that is, with an 
‘additional’ Pasteur effect; such experiments may help 
to clarify the mechanism of the latter effects in terms 
of adenine nucleotide competition between glycolysis 
and respiration. 

P. EMMELOT 
C. J. Bos 


Department of Biochemistry, 
Antoni van Leeuwenhoek- Huis: 
The Netherlands Cancer Institute, 
Amsterdam. 
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Experimental Production of Magnesium 
Deficiency in Lambs on a Diet 
containing Roughage 

HYPOMAGNESZMIC tetany occurs (a) in young 
ruminants raised exclusively on milk diets and (b) in 
adult ruminants near the time of parturition, when 
grazing in certain areas, in the spring and autumn. 
The latter conditions are difficult to produce experi- 
mentally and the causative factor(s) are not well 
understood. The former type is readily reproduced!-5 
but has been done only under conditions which inhibit 
normal rumen development, that is, the abnormally 
prolonged feeding of a roughage-free diet. In this 
communication, we wish to report the experimental 
production of hypomagnesemia in lambs, on a 
roughage-containing diet of composition as given in 
Table 1 (diet 1). This diet contains only 0:02 per cent 


Table 1 
Diet (1) Per Cent 
Composition 
Corncorbs .. 35°45 
Drackett protein . 15-00 
Sugar — _ Ss 30-00 
Cerelose . 14:00 
Mineral mix 3°55 
Corn oil 2-00 
Vitamins 500 I.u. A/Ib. 
100 I.U. D/lb. 
CHEMICAL ANALYSIS 
Diet Per cent Ca Per cent Mg Per cent H,O 
(air-dry) (air-dry) 
(1) 0°34 02 9-1 
(1) +0: 06 per cent magnesium 0:33 0-08 9-0 
Alfalfa creep feed .. 1-14 0-23 15-0 


(magnesium air-dry basis, but is adequate in other re- 
spects. Reagent grade chemicals were used in prepara- 
tion of the mineral mix and dicalcium phosphate 
as the calcium source. 

Two sets of lambs were used. In experiment 1, six 
group-fed lambs (9-10 weeks old) were placed on 
diet (1) in December, 1958. They were fed ad lib., 
given a fresh supply of distilled water each day and 
corn cobs were used for bedding. Nine suckling lambs 





2026 


(4-8 weeks old) were used in experiment 2. The latter 
lambs were divided into three groups and fed the 
following respective diets: (@) 75 per cent alfalfa 
creep feed; (b) diet (1); (c) diet (1) plus 0°06 per cent 
supplemental magnesium as magnesium carbonate. 
The lambs and their ewes were housed in a tempera- 
ture control room at 60° F. for five weeks, when the 
lambs were weaned. The method of Green and Allcroft 
as described by Godden‘ was used in the determination 
of calcium and magnesium of experiment 1, whilst the 
Malmstadt’ procedure was adopted in experiment 2. 
Analysis of the diets and individual components for 
calcium and magnesium were made by a modification 
of the Malmstadt® method. 

Table 2 shows the changes in the blood serum 


Table 2 
Expt. 1. Blood serum calcium and magnesium (mgm./100 ml. serum) 
alcium Magnesium 
Lamb No. Dec. 11 Jan. 8 = 6 Dec. 11 Jan. 8 Feb. 6 
3910 10-0 8-5 2°50 0-70 0-60 
3912 10-0 9-0 Pt 2-15 0-80 dead 
3908 9-8 85 dead 2-45 1-00 dead 
1758 9-0 85 6°5 2-65 0-90 0-50 
3907 10-0 9-5 dead 2-35 1-20 dead 
4911 10-5 9-5 6:5 2-65 1:10 0-65 


calcium and magnesium levels of the lambs in experi- 
ment 1. Initially the concentrations of both calcium 
(9-10°5 mgm./100 ml. serum) and magnesium (2°15— 
2°65 mgm./100 ml. serum) were within the generally 
accepted normal ranges. After 6-7 days the serum 
magnesium-levels had fallen to 1:55-1:90 mgm./100 
ml. and this reduction continued until at the end of 
twenty-one days the magnesium concentrations were 
0°7-1:2 mgm./100 ml. At this stage the lambs became 
rather nervous and apprehensive with reduced 
appetite. Finally the serum magnesium-levels dropped 
to values of 0°5-0°7 mgm./100 ml., when convulsive 
tetany usually occurred. Within 45 days on the diet, 
five of the six experimental lambs had convulsive 
tetany. The remaining lamb, whilst not comatose, had 
very low serum magnesium and occasionally experi- 
enced spasmodic tremors. 

Lamb 3910 showed characteristic tetany symptoms 
with a blood serum magnesium concentration of 
0°7 mgm./100 ml. The animal was unable to rise 
without assistance and lacked co-ordination. In a 
convulsive attack the lamb lay on its side, the head 
retracted, and exhibited a rapid cycling motion of the 
legs. In addition there was much frothing at the 
mouth with excess salivation. Within 12-18 hr. after 
intravenous administration of 10 ml. of 10 per cent 
magnesium acetate solution, the lamb appeared quite 
normal, although somewhat hypersensitive. The blood 
serum magnesium concentration increased to 1°37 
mgm./100 ml. as the result of the injection, but after 
24 hours decreased to the previously low level of 
0-7 mgm./100 ml. serum. The lamb, although in very 
poor physical condition, was able to withstand this 
low level of magnesium for a long period without 
subjection to further convulsive attack. Two of the 
lambs responded to magnesium therapy; but in the 
other lambs, hypomagnesemia was generally too far 
advanced for magnesium treatment to have much 
effect. 

As the blood serum magnesium concentrations 
approached levels of the order of 1-2—0°9 mgm./100 ml., 
the lambs showed signs of faulty calcium metabolism. 
The serum calcium decreased quite rapidly to values 
as low as 6:5 mgm./100 ml., when the serum magnesium 
had fallen below 0°7 mgm./100 ml. The concomitant 


reduction in serum calcium concentration contrasts 
with the hypomagnesemia produced on milk diets, 
where it is reported® the serum calcium concentration 
may increase. 
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The blood serum calcium and magnesium picture of 


the lambs in experiment 2, is given in Table 3. In the 
Table 3 
Expt. 2. Blood serum calcium and | -— acne (mgm./100 ml. serum) 
Group Lamb Calei Magnesium 
No. Mar. 23 May "12 June 2 Mar. 23 May 12 June 2 
(a) 75 per cent 


alfalfa creepfeed 1939 126 113 109 2:26 2:47 2-03 

1944 134 111 106 2-49 262 2-48 

1943 128 11-4 10-4 2-47 2°17 1:88 

(b) diet (1) as in 
Table 1 


19387 126 5-7 6-4 2-24 0-52 0-40 

1941 12-1 6-5 9-4* 2-70 0-40 0-53 

1942 12-4 dead  — 1:96 dead 7 
(c) diet (1) + 0-06 
per cent magne- 
sium as magne- 

sium carbonate 1940 12-7 7-0 7-9 2-42 2-32 2-25 

938 11:8 cd 76 240 # 1-72 1-88 

12:8 _ dead —_ 


1945 4 
* Tnjected with 40 ae ‘Norcalcinate’ I: 


group (b) lambs (magnesium-deficient diet) the same 
exponential decrease in the blood serum magnesium 
with time, is evident, as in experiment 1. The reduc- 
tion in serum magnesium-levels seemed much more 
pronounced after weaning, although lamb 1942 
developed convulsive tetany, whilst still suckling after 
only 21 days on the diet. The remaining two lambs 
in this group (b) had convulsive attacks when the 
serum magnesium concentration dropped to levels of 
the order 0°5 mgm./100 ml., which occurred within a 
period of 40 days. Lamb 1945 (group c) was switched 
to replace lamb 1942 in group (b) but succumbed on 
the seventh day, with a serum magnesium concentra- 
tion of 0°9 mgm./100 ml. 

The minor decreases in the serum magnesium-levels 
of group (c) lambs (supplemental magnesium) are 
probably due to a seasonal variation. Similar varia- 
tions were noted in the serum magnesium of the 
lambs in group (a), on the alfalfa creep feed with a 
magnesium content of 0°23 per cent. 

As in experiment 1, the blood serum calcium levels 
of the lambs on the deficient diet decreased quite 
rapidly, after the onset of hypomagnesemia, to values 
of the order 6°0 mgm./100 ml. Feeding of additional 
calcium, both as dicalcium phosphate and calcium 
carbonate, plus the oral administration of extra 
amounts of vitamin D (calciferol), had no effect on the 
serum calcium or magnesium concentrations. Injec- 
tion of lamb 1941 with 40 ml. of ‘Norcalcinate’ (calcium- 
aluminum gluconate preparation) raised the serum 
calcium concentration to 10:2 mgm./100 ml. and the 
serum magnesium to 1°4 mgm./100 ml. over a ten-day 
period. However, although the serum calcium 
remained normal, the serum magnesium decreased 
slowly to 0°5 mgm./100 ml. at the end of 21 days, when 
the animal succumbed in a tetanous attack. 

The gains in weight of all three groups in exper'- 
ment 2 were similar, until the occurrence of mild 
tetany in group (b). Post-mortem findings showed no 
gross lesions or histo-pathological changes. 

The results of this work will be published elsewhere 
in greater detail. 

D. M. McALEESE 


R. M. ForBes 
University of Illinois, 
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Activation and Inhibition of Adrenaline 
Metabolism 


Many drugs enhance or block the actions of 
adrenaline; but little is known as to whether they act 
by modifying the metabolism of the catecholamine. 
In this work the effects of a variety of drugs on the 
rate of disappearance of radioactive adrenaline in the 
whole mouse were examined. Details of drug dosage 
are given in Table 1. Mice were treated with drug and 


Table 1. ACTIVATION AND INHIBITION OF ADRENALINE METABOLISM IN 
THE MOUSE 

Amount drug Times drugs were Adrenaline 

given each given before remaining in the 
Drug mouse adrenaline whole mouse 

(mgm./kgm.) (ugm.) 

None.. oe _ 1:05 + 0-14 
Reserpine... BL. i.p. 24, 3 hrs. 0-38 + 0-13 
Chlorpromazine 40 i.p 180, 10 min. 0-53 + 0:07 
Imipramine .. 40i.p 180, 10 min. 0-46 + 0-16 
Quercetin 150 i-v on — 2-40 + 0-40 
Cocaine 10 i.v. 0-89 + 0-31 
Thyroxin 13 i.p. Daily “for 7 7 - 1-07 + 0:17 
Serotonin 10 i.v. 10 min. 1:17 + 0-10 
Iproniazid 100 i.p. 24, 3 hrs. 0-96 + 0-04 
Mescaline 100 i.p. 24, 3, 0-5 hrs. 1:02 + 0-10 
Insulin 0-5 wag i.p. 1 hr. 1-21 + 0-11 
Dibenzyline .. .. 20 i. 2 hr 1-02 + 0-32 


3. 

All mice received 3 gm. ‘labelled dl- adrenaline (1-5 we.) in the tail vein 
and were killed 10 min. later. After homogenization in 0-1 N hydrochloric 
acid each animal was assayed for adrenaline. Results are expressed as 
adrenaline remaining in the animal (+ standard deviation of the mean) 
in 10 min. Ten mice were used in each group. 


then adrenaline (3 ugm.) labelled with H-3 was 
administered intravenously. Ten minutes after the 
adrenaline injection the animals were killed, homo- 
genized in a Waring blendor, and an aliquot of the 
homogenate assayed for labelled adrenaline remaining}. 
Control animals, untreated with drug, were given 
adrenaline labelled with H-3 at a similar time. 

The results of these experiments are shown in 
Table 1. About one-third of the administered adrena- 
line was found unchanged in control mice in 10 min. 
The psychotropic drugs, reserpine, chlorpromazine, 
and imipramine (‘Tofranil’) were found to increase the 
rate of adrenaline metabolism markedly. Quercetin, 
on the other hand, inhibited the disappearance of 
adrenaline while cocaine, dibenzyline, thyroxin, 
insulin, iproniazid (a monoamine oxidase inhibitor) 
serotonin, and mescaline had no effect. 

We have previously shown that adrenaline dis- 
appears from the body in two phases!. In the first 
phase the amine is rapidly metabolized by O-methyla- 
tion. In the second, the disappearance of the hormone 
is much slower indicating that a portion of the cate- 
cholamine is bound and then slowly released and 
metabolized. Since reserpine has been shown to 
release catecholamines from binding sites®, it is 
presumably preventing the binding of free adrenaline. 
Thus, in animals treated with reserpine, adrenaline is 
exposed to enzymatic attack and consequently meta- 
bolized more rapidly. At present the mechanism 
whereby chlorpromazine and imipramine increases the 
destruction of adrenaline is not clear. They do not 
activate O-methyl transferase, the enzyme mainly 
concerned with the inactivation of adrenaline?:4. 
Chlorpromazine and imipramine might act by prevent- 
ing the binding of adrenaline or they might speed the 
transfer of the catecholamine across membrane 
barriers to the site of enzymatic transformation. It is 
possible that the central effects of these drugs are 
mediated by their action on adrenaline metabolism. 

The catechol flavanoid, quercetin, effectively blocks 
the metabolism of adrenaline in vivo (Table 1). It has 
been previously shown that pyrogallol inhibits 
catechol-O-methyl transferase in vitro® and in vivo4. 
At equimolar concentrations quercetin also inhibits 
the O-methylation of adrenaline in vitro about 50 per 
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cent. This inhibition appears to be competitive since it 
can be reversed by increasing the concentration of 
adrenaline. Quercetin and other flavanoids have been 
shown to prolong the actions of adrenaline®. In 
the light of the findings reported in this communica- 
tion, the potentiating action on adrenaline by flava- 
noids is most probably due to their inhibition of 
catechol-O-methy] transferase. 


JuLius AXELROD 
RoBERT TOMCHIOCK 


Laboratory of Clinical Science, 
National Institute of Mental Health, 
National Institutes of Health, 
Bethesda, Maryland. 

Sept. 21. 


1 Axelrod, J., Weil-Malherbe, H., and Tomchick, R. J., Pharmacol. and 
Exp. Therap. (in the press). 

* Holtzbauer, V., and Vogt, M., J. Neurochem., 1, 8 (1956). 

* Axelrod, J., and Tomchick, R., J. Biol. Che m., 233, 702, (1958). 

* Axelrod, J., and Laroche, M. J. Science 130, 800 (1959 %. 

* Bacq, Z. M., Gosselin, L., Dresse, A., and Renson, J., Science, 130, 
453 (1959). 

* Lavollay, J., C. R. Soc. Biol., 135, 1193 (1941). 


Significance of the Time Relations of 
Humorally Co-ordinated Chromatic 
Responses 


In the course of investigations into the nature of the 
chromactivating hormones of the teleost pituitary I 
have had occasion to examine in detail the well-known 
‘bihumoral hypothesis’ first put forward by Hogben 
and Slome!, and afterwards adopted by a number of 
other workers. This hypothesis seeks to show that the 
observed time felations of humorally co-ordinated 
changes in colour are incompatible with a co-ordinating 
mechanism based on fluctuations in the level of a 
single hormone. 

Hogben? and Hogben and Landgrebe*® have shown 
that the chromatic responses of lower vertebrates are 
co-ordinated largely by the eye; they found that the 
retina was divisible into two regions, one concerned 
with the white background response ( W region) and the 
other with the black background response (B region). 
Illumination of the B region alone resulted in melano- 
phore-dispersion, the black background response; 
illumination of the B and W regions together resulted 
in melanophore-aggregation, the white background 
response. In the dark the melanophores assumed an 
intermediate condition. Experiments with hypo- 
physectomized animals show that the pituitary is the 
source of hormone controlling chromatic responses; 
presumably the release of hormone from the gland is 
regulated by the appropriate regions of the retina. 

Hogben and Slome!:4 observed the time relations of 
colour change of Xenopus laevis in response to changes 
in background and illumination. They found that the 
interval bTd (notation devised by Hogben; 67d = 
time taken to pass from equilibrium on a black 
background in light to equilibrium in darkness; 
bTw = time taken to pass from equilibrium on a black 
background in light to equilibrium on a white back- 
gound in light, etc.) was greater than b7'w. Similarly, 
wTd was greater than wTb. It was argued that, if a 
single hormone were involved in these changes, transi- 
tion from a black to a white background in light or 
vice versa must involve the release or destruction of 
more hormone than transition from black or white 
illuminated backgrounds to darkness ‘and must 
necessarily take longer’4. Since this was not so, more 
than one hormone must be involved in the co- 
ordination of the observed responses. Similar argu- 
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ments have been used to decide against uni-humoral 
control of chromatic responses in Scyllium®, Anguilla®, 
and Phoxinus’. 


If a single hormone (for the sake of argument a 
melanophore-dispersing hormone, B hormone) is 
involved in the co-ordination of these responses, in 
darkness it is present at an intermediate level and the 


melanophores are partially dispersed. Maintenance of 


this intermediate level requires the release of hormone 
from the pituitary at a rate adequate to compensate 
for losses through elimination, and is achieved in the 
absence of retinal information. On a white illuminated 
background the level of hormone is effectively nil; 
hormone production is inhibited by the W retinal 
elements over-riding the excitatory influence of the 
B retinal elements. On a black illuminated background 
the level of hormone is high; the pituitary is actively 


excited by the B retinal elements in the absence of 


inhibition from the W retinal region. 

bTw involves the superimposing of inhibitory 
stimuli from the W retinal elements on to the actively 
secreting pituitary. The hormone-level decreases as a 
consequence of the inhibition of pituitary activity. 
bTd involves the elimination of excitatory stimuli from 
the B retinal elements. The hormone level decreases 
as a consequence of the cessation of stimulation of 
pituitary activity. The two situations are physiolo- 
gically distinct and may not be compared. Similar 
arguments apply to comparison of wb with wT d. 
w1'b involves elimination of the inhibitory effect of 
illumination of the W retinal elements allowing the 
excitatory influence of the B retinal elements to come 
into action; w7'd involves elimination of both inhibi- 
tory and excitatory influences. Only if intormation 
concerning the rate at which the pituitary settles to its 
darkness equilibrium rate of secretion were available 
would it be permissible to compare the time relations 
of background reversals in light with transfers from 
illuminated conditions to darkness. 


No such criticism can be made of comparisons 
between transfers from darkness to light, and back- 
ground reversals in light. 67'w and dT'w both involve 
inhibition of an active pituitary. Similarly w7'b and 
dTb involve excitation of the pituitary by B retinal 
elements in the absence of inhibition. These situations 
are physiologically 1 lated. 


Hogben and Slome‘ consider that the one hormone 


hypothesis implies three consequences. These are: 
(i) wlb > wTd, (ii) bTw > bTd, (iii) bTw > dTw. 


In the light of the arguments presented above only (ii#} 
can be considered to be of significance. 


Thanks are due to Prof. N. Millott for the provision 
of facilities, to Dr. E. G. Healey and Mr. J. D. Pye 
who have offered valuable criticism, and to the 
Department of Scientific and Industrial Research for a 
Research Fellowship. 


A. K. KENT 
Department of Zoology, , 
Bedford College, 
(University of London), 
Regent’s Park, 


London, N.W.1. 
Sept. 17. - 
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* Neill, R. M., J. Exp. Biol., 17, 74 (1940). 
1 Healey, E. G., J. Exp. Biol., 28, 297 (1951). 
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iRat Brain Glutathione and 
Pyridoxine Deficiency 


Dovetas and Mortensen! have shown that in vivo 
synthesis of glutathione from glycine occurs in rat 
brain. If this synthesis in brain is similar to that which 
is known to take place in liver then it would follow the 
general pattern described by Snoke and Bloch?. 

ATP 
L-glutamic acid + L-cysteine ——— — 


L-y-glutamylcysteine + L-glycine ——--— — glutathione. 

Lajtha, Berl and Waelsch? have demonstrated that 
the systemic injection of glutamic acid labelled with 
carbon-14 is followed by a rapid incorporation of 


glutamate into the glutathione fraction of rat brain. 


xaitonde and Richter4 have presented evidence for 
both in vivo and in vitro trans-sulphuration of methio- 
nine to cystine by rat brain and evidence for the 
existence of enzymes involved in trans-sulphuration 
in this organ has been presented by Hope®. He has 
shown also that cystathionine, an intermediate in these 
reactions, accumulates in the brains of pyridoxine- 
deficient rats®. 


Therefore it seemed of interest to measure reduced 
glutathione in the brains of pyridoxine-deficient rats 
fed on a diet containing 0°26 per cent protein methio- 
nine with 0:15 per cent added cystine. Freshly 
weaned Wistar albino rats (male) were placed on a 
pyridoxine-deficient diet’. Litter mate controls were 
fed on an identical diet supplemented with 30 ugm. a 
day per rat of pyridoxine hydrochloride. Several 
analyses were performed on the brains of rats fed on 
standard rat cake for comparison. Rats were killed 
by decapitation and the brains dissected into cortex, 
cerebellum and medulla. The parts were weighed 
immediately and homogenised in ice-cold sulphosali- 
cylic acid (4 per cent w/v). The homogenates were 
allowed to stand for 20 min. at 4° C. before being 
centrifuged to separate the protein precipitate. 
Aliquots were analysed in duplicate for reduced 
gluathione by amperometric titration® and all results 
are expressed as micromoles of glutathione per 
gramme, wet weight. After 5 weeks on the pyridoxine 
deficient diet, rats were placed in metabolism cages 
for one night and the urine examined chromoto- 
graphically for cystathionine’. Cystathione was 
found in the urines from deficient rats, its presence 
indicating an impairment of 7m vivo trans-sulphura- 
tion!®, The first group of animals was killed after 6 
weeks of pyridoxine deficiency and others at intervals 
up to 14 weeks. The results are given in Table 1; each 
figure is obtained from the pooled tissue of at least 
two animals. 


It can be seen that the glutathione concentration in 
all three parts of the brain examined is lower on a 
pyridoxine-deficient diet. The results do not show 4 
progressive fall during the period studied and have 
been combined and are presented in Table 2 


Included in Table 2 are glutathione values for rats 
kept on standard rat cake (‘The Aberdeen Nut’, 
Co-operative Society, Aberdeen). There is no difference 
between these values and those for rats fed on the 
synthetic control diet containing the added pyridoxine. 
The normal values for brain glutathione compare 
favourably with those quoted by Berl and Waelsch!"! 
who used a totally different method of estimation but 
are slightly lower than those found by Martin and 
MclIlwain!2. The concentration of glutathione in 
cortex, cerebellum and medulla fell significantly 
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Table 1. GLUTATHIONE (u MOL./@M., WET WEIGHT) IN BRAIN OF RATS WITH AND WITHOUT Di=TARY PYRIDOXINE 
Cortex Cerebellum Medulla 
Weeks Deficient wn 
Control — B6 Difference Control — B6 Difference Controi — Bb Difference! 
6 1:88 1-88 0-00 1-76 1-48 0-28 1-00 0-76 0-24 
8 1-90 1-62 0-28 1-52 1:32 0-20 1-06 0:80 0-26 
9 1-90 1-64 0-26 1-48 1-26 0-22 1-06 0:08 0-26 
14 2-10 1-82 0-28 1°54 16 0°38 1-04 0-82 0:22 


(P < 0:001) after 6-14 weeks of pyridoxine deficiency. 
The fall in concentration was similar in all three parts 
of the brain but the greatest percentage fall (24 per 
cent) occurred in the medulla. 

Hope’s finding that cystathionine accumulates in 
the brain of pyridoxine-deficient rats® indicates that 
the formation of cystine from methionine is impaired. 
The present results could be explained by the assump- 
tion that availability of cystine for glutathione 
synthesis is limited. It would be of interest to 
investigate brain glutathione levels of pyridoxine- 
deficient rats fed on a diet containing no added 
cystine. 

Table 2. MEAN CONCENTRATION OF GLUTATHIONE (u MOLE./GM., WET 
WEIGHT) IN BRAIN OF RATS UNDER DIFFERENT DIETARY CONDITIONS 


Mean Concentration of 6-14 Weeks Pyridoxine 


Glutathione (+ 8.E. of Mean) Defficient 
Brains Rat Cake Control Diet Mean Fall Percentage 
Diet Glutathione ‘all 
(+ S.E. of Glutathione 
Mean) 
Cortex 1:96 + 0-064 1:95 + 0-055 0-21 + 0-048 10-8 
Cerebellum 1°55 + 0-052 1-58 + 0-045 0-27 + 0-048 17-1 
Medulla 1:01 + 0-012 1:04+ 0-011 0-25 + 0-048 24-0 


We are grateful to Mrs. D. Lowman for able care of 
the animals and Mr. T. F. Hobson for statistical advice. 


M. J. ASHwoop-SMITH 
A. D. SmrrH 


Medical Research Council 
Radiobiological Research Unit, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
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Salicylate and Potassium Fluxes of 
Rat Diaphragm 


Sopium salicylate is known to cause a loss of 
potassium from rat diaphragms!. It is also known to 
uncouple oxidative phosphorylation?, and it is 
suggested! that the loss of potessium is due to an 
interference with the energy supplies for active trans- 
port. Ifso, the inward movement of potassium should 
be decreased in the presence of salicylate and the out- 
ward movement unaltered er decreased as the 
intracellular concentration of potassium falls. 

To examine this hypothesis the potassium fluxes of 
rat diaphragros have been measured with potassium-42 


by conventional techniques*-5 in the presence of 5mM 
sodium salicylate. In influx estimations diaphragms 
were divided in half, one half being soaked in 
potassium-42 Krebs saline containing salicylate, the 
other in potassium-42 Krebs saline containing no 
salicylate, both at pH 7°4. Left and right halves were 
allocated alternately to each treatment. After 
exchanging for 20 or 25 min. in the potassium-42 
media the diaphragms were analysed® for potassium 
and potassium-42. Calculations of the fluxes were 
made, assuming the dimension of the tissue to be as 
described by Creese®. For estimations of efflux the 
diaphragms were mounted on a frame and soaked in 
potassium-42 Krebs saline for 1 hr. The mounted 
tissue was then placed over the window of a Geiger- 
Miiller tube and the diminishing activity of the tissue 
followed as it was exposed to alternate streams of 
salicylate containing active and control inactive Krebs 
saline. 

In all experiments salicylate caused a loss of potas- 
sium (mean control value 283 m.eq./kgm. dry tissue, 
mean value of salicylate treated tissues 224 m. eq./kgm. 
dry tissue, mean difference 59 + 21 (S.E. of 7 pairs of 
estimates; ¢ = 2°895, 0°05 > P > 0:02). Contrary to 
expectation the principal effect of salicylate was con- 
sistently to accelerate the influx of potassium-42. The 
mean efflux rate constant in 6 paired observations was 
raised from 0:0178 min.-! to 0:0240 min.-! (mean 
increment 0:0062 + 0:0016 (S.E.);¢ = 4:00, P = 0°01). 
In estimates of effiux, the salicylate-treated dia- 
phragms always contained less potassium-42 at the 
end of the soak-in period than their paired controls. 
However, when allowance was made for the increased 
rate of concomitant efflux in the salicylate-treated 
diaphragms, using the estimated efflux rate constants 
shown above, the estimated potassium influx in 
salicylate-treated diaphragms was not less than, but 
often greater than in the control diaphragms. The 
average influx, uncorrected for effects of diffusion in 
the extracellular fluid, of salicylate-treated diaphragms 
(16°3 pmole/cm.?/sec.) and of control diaphragms 
(15°5 pmole/em.?/sec.) did not differ significantly 
(t = 0°814; 0°5 <P< 0°4; 7 pairs of estimates). 

It therefore appears that the loss of potassium is due 
to an action on efflux and that in spite of possible 
interference with energy supplies, the uptake of 
potassium is not appreciably altered. 

I am indebted to Prof. M. Weatherall for his 
guidance and to the Empire Rheumatism Council for 
its support in this work. 


J. A. Hicki1n 


Department of Pharmacology, 
London Hospital Medical College, 
University of London, 
Turner Street, 

London, E.1. 
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Prolactin in the Cowbird’s Pituitary in 
Relation to Avian Brood Parasitism 


Tue European cuckoo provides a familiar example 
of complete brood parasitism, that is, failure to build 
nests, coupled with the habit of laying eggs in the 
nest of other birds which generally take over incuba- 
tion and hatching of the foreign eggs. This habit is 
also shown by the North American brown-headed 
cowbird (Molothrus ater) as well as other species. Birds 
showing brood parasitism do not develop brood 
patches. Bailey! has shown that brood patch develop- 
ment in passerines requires the action of an cestrogen 
and of prolactin. Prolactin can also induce broodiness 
in pigeons and poultry. 

It has therefore occurred to me, and independently 
to others, that failure to produce prolactin might be a 
basic factor in the development of brood parasitism. 
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All the red-winged blackbirds had well-developed 
brood patches; data on the ovaries and oviducts of all 
birds used are given in Table 2. 

These results demonstrate the presence of prolactin 
in the pituitaries of ovulating cowbirds. Moreover, 
judging from the number of pituitaries of the two 
species needed for a definite crop sac response, the 
prolactin content of cowbirds and red-winged black. 
birds pituitaries is fairly similar. It may be noted that 
the two species are of fairly similar body-weight; 
averages for three females of each species were, red- 
winged blackbirds 47 gm. and cowbirds 43 gm. The 
above experiments suggest that failure to respond to 
prolactin rather than lack of prolactin production is 
involved in the failure of female cowbirds to form 
brood patches. Dr. R. K. Selander, University of 
Texas, has informed me of some unpublished findings 
which confirm this view; he found that cowbirds of 


Table 1. EPITHELIAL PROLIFERATION 9 F PIGEON CROP SACS PRODUCED BY 5-DAY IMPLANTS OF PITUITARIES OF FEMALE RED-WINGED BLACKBIRDS 
AND FEMALE BROWN-HEADED COWBIRDS 


Red-winged Blackbirds 


Exp. No. Implant Epithelial proliferation 
Macroscopic Microscopic 
R.W.1 8 pituitaries (June 8) 11/2 
Control : muscle -- — 
R.W.2 10 pituitaries (June 9, 11) + 4 
Control : no implant - _ 
R.W.3 9 pituitaries — - 
(June 11, 16, 18) 
Control : no implant = — 
R.W.4 14 pituitaries - 1/2 
(June 29, July 2) 
Control : muscle - 1/2 


Cowbirds 


Exp. No. Implant Epithelial proliferation 
Macroscopic Microscopic 
Ci 12 pituitaries 1/2 
(June 5, 9, 12) 
Control : no implant - - 
C.B. 2 12 pituitaries (June 14, 16) - — 
Control : muscle -- - 
C.B.3 14 pituitaries + - 4 
(June 16, 18) 
Control : no implant - — 
C.B. 4 15 pituitaries - 1/2 


(June 29, July 2) 
Control : liver _ = 


Dates in brackets indicate dates of collection of the birds used. Local crop sac response to total dose of 4 ygm. prolactin, 15 units/mgm. injected 


intradermally daily for four days rated as: macroscopic: + 


; microscopic : -. 


Table 2. DATA ON THE OVARIES AND OVIDUCTS OF RED-WINGED BLACKBIRDS AND COWBIRDS, PITUITARIES OF WHICH WERE USED FOR THE EXPERIMENTS 
SHOWN IN TABLE 1 


Red-winged Blackbirds 


No. with eggs in Diam. of largest 


Exp. No. oviduct ovarian follicle, Oviducts 
mean and range (mm.) 
R.W.1 _ 3-9, 1-5-10 All large 
R.W.2 — 2-7, 1-8 All large 
R.W.3 1 2-7, 1-8 All large 
R.W.4 — 1-3, -5-3 Small in 
7/14 


Hence a comparison of the prolactin content of the 
pituitaries of female cowbirds in breeding condition, 
with that of pituitaries of breeding females of the 
closely related red-winged blackbird (Agelaius phoent- 
ceus) which has normal breeding habits, was made. 
Birds of both species were shot in the field and their 
heads were frozen within a few minutes of death by 
placing them in a vacuum flask containing dry ice. On 
return to the laboratory the heads were kept at — 20°C. 
in a deep-freeze refrigerator. The bodies of the birds 
were dissected for examination of the ovaries and 
oviducts. The pituitaries were then dissected out and 
implanted on the external surface of one side of the 
crop sac of anesthetized homing pigeons. After 5 days 
the pigeons were killed and the implanted crop sac 
area, as well as a control section from the opposite side 
of the sac were removed. Stretched-out pieces of crop 
sac were first examined macroscopically for evidence of 
epithelial proliferation and then fixed in 10 per cent 
formol saline. Paraffin sections were made and 


stained with hematoxylon eosin and with Giemsa. 
The results obtained are shown in Table 1. 





Cowbirds 
Exp. No. No. with eggs in Diam. of largest 
oviduct Ovarian follicle, Oviducts 
mean and range (mm.) 
C.B.1 7/12 7:3, 2-10 All large 
C.3B.2 3/12 7-0, 3-8 All large 
C.B. 3 8/14 5-5, 2-8 All large 
CLR. 4 4/15 3°8, 1-8 All large 


either sex treated with cestrogen and prolactin did not 
develope brood patches. 

The prolactin used in this study was a gift from the 
Endocrinology Study Section, U.S. National Institutes 
of Health, and the work was supported by a grant from 
the Committee for Research in Problems of Sex, U.S. 
National Academy of Sciences—National Research 
Council. 

E. O. Houn 
University of Alberta, 
Edmonton, Canada. 


1 Bailey, R. E., Condor, 54, 121 (1952). 


Captive Marine Birds Possessing a Functional 
Lateral Nasal Gland (Salt Gland) 
Durine July, 1959, several species of marine birds 
were examined at the San Diego Zoo in California to 
determine whether they possess a functional lateral 
none] glead (salt gland). This study was prompted by 
Uke observatior. that captive gulls may die unless 
giver, sals water to drink! and by the practice of many 
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zoos to incorporate salt tablets in the fish fed their 
murine birds to assure an adequate salt intuie. This 
practice could be disastrous if the bird receiving the 
salt did not possess a functional salt gland capable of 
excreting the excess sodium chloride. 

Previous investigations have established that under 
a salt load the lateral nasal gland excretes a hyper- 
tonie solution of sodium chloride more concentrated 
than either urine or sea-water in the Humboldt penguin 
(Spheniscus humboldti)?, herring gull (Larus argen- 
tuius)’, doubled-crested cormorant (Phalacrocorax 
avritus)4, brown pelican (Pelecanus occidentalis caroli- 
nensts)®, Laysan albatross (Diomedea immutabilis)®, 
and black-footed albatross (Diomedea nigripes)®. 

In this investigation all experiments were performed 
on adult birds subjected to a salt load consisting of 
1-5 gm. of sodium chloride given orally or in a few 
instances intravenously. A clear fluid began dripping 
from the tip of the upper beak 15-45 min. following the 
ingestion of salt or within 1-2 min. following an 
intravenous injection. The drips occurred every 
5-30 sec. and the rate of secretion varied from 0:050 
mi./min. in the American flamingo to 0°685 ml./min. 
in the black-footed albatross. 

This fluid was collected into a 50-ml. test-tube and 
analysed for sodium and potassium using a Beckman 
flame spectrophotometer? and for chloride using the 
diphenylearbazone titration of mercuric nitrate’. 

The results are given in Table 1. 


Table 1. ELECTROLYTE CONCENTRATION IN THE NASAL FLUID OF MARINE 


BIRDS SUBJECTED TO A SALT LOAD 


Electrolyte 
Concentration (meq./1.) 


No. No. 
Species examined Birds Samples Na K Cl 

Black-footed albatross 

(Diomedea nigripes) 3 7 600-840 17-22 690-942 
Laysan albatross 

(Diomedea immutabilis) 2 4 792-900 19-20 818-906 
Frigate bird 

(Fregata minor palmerstoni) 2 2 744-792 20-24 818-960 
Blue-footed booby 

(Sula nebouxii) 1 1 840 20 817 
ted-footed booby 

(Sula sula) 2 2 756-758 17-20 800-883 
Flightless cormorant 

(Nannopterum harrisi) 1 1 600 14 659 
American flamingo 

(Phoenicopterus ruber) 1 5 600-756 23-37 761-853 
Western gull 

(Larus occidentalis) 1 1 792 21 818 
Emperor penguin 

(A ptenodytes forsteri) 1 1 588 13 690 
king penguin 

(Aptenodytes patagenicus) 1 1 430 12 548 
Fairy penguin 

(Ludypturia minor) 1 1 570 22 663 
Adelie penguin 

(Pygoseolis odeliae) 1 1 360 11 394 
Gentoo penguin 

(Pyqoscolis papua) 1 | 708 18 731 
Galapagos penguin 

(Spheniscus mendiculus) 1 1 660 17 690 


It was concluded that all birds tested possessed a 
functional salt gland capable of eliminating sodium 
chloride following a salt load. In fact, only the Adelie 
penguin excreted a salt solution less concentrated than 
that of sea-water (approximately 400 meq. sodium 
chloride/l.). This penguin, however, was in moult 
at the time of sampling, which may explain why the 
salt concentration was lower than that observed in the 
other penguins. 

This work was made possible by the Biological 
Research Institute of the Zoological Society of San 
Diego through the award of the Ellen B. Scripps 
fellowship in 1959. I am indebted to the officers and 
staff of the San Diego Zoo and Zoo Hospital for their 
encouragement and assistance. I am also grateful to 
Roy Johnson, director. of Clinical Laboratories of 
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Scripps Clinic and Research Foundation for providing 
facilities for analysing the nasal fluid. 


Larry Z. McFARLAND 


School of Veterinary Medicine, 
University of California, 
Davis, California, 
and 
Biological Research Institute of 
the San Diego Zoological Society of San Diego. 
1 Allen, G. M., “Birds and Their Attributes’’ (Marshal Jones, Boston, 1925). 
2 Schmidt-Nielsen, K., and Sladen, W. J. L., Nature, 181, 1217 (1958). 
3 Fange, R., Schmidt-Nielsen, K., and Robinson, M., Amer. J. Physiol., 
195, 321 (1958). 
* Schmidt-Nielsen, K., Jorgensen, C. B., and Osaki, H., Amer. J. Physiol., 
193, 101 (1958). 
5 Schmidt-Nielsen, K., and Fange, R., Auk, 75, 282 (1958). 
* Frings, H., Anthony, A., and Schein, M. W., Journal Ser. Paper No, 
2285, Pennsylvania Agr. Exp. Station (1953). 
7 Kingsley, G. R., and Schaffert, R. R., Anal. Chem., 25, 1738 (1953). 
® Schales and Schales, J. Biol. Chem., 140, 879 (1941). 


PLANT PHYSIOLOGY 
Photosynthesis in the Ear of Barley 


THE ear of cereals such as barley and wheat is an 
important photosynthetic organ in providing carbo- 
hydrate substrate for grain filling. This has been 
established by several workers, most recently by 
Archbold! for barley and Asana and Mani? for wheat. 
Their technique, as of previous workers, involved 
opaque shading of the ear to prevent photosynthesis, 
the resulting reduction in grain weight being taken to 
represent the normal ear contribution. Reductions of 
the order of 30 per cent have been obtained (Archbold 
measured whole ear weight only). 

Objections to this technique are first, that shading 
may have effects other than the prevention of photo- 
synthesis, and secondly, that were there surplus sub- 
strate in the plant, added contributions of other organs 
could in part compensate for absence of ear supplies. 

Buttrose and May? recently discussed these objec- 
tions and proposed a new technique designed to 
overcome them. The basis of this technique was their 
finding that the reduction in grain weight following 
stem defoliation and shading at flowering depended on 
the number of grains developing per ear. Under such 
competitive conditions, which do not exist in untreated 
plants, it may be assumed first that the total amount 
of grain-filling material coming from non-ear parts will 
be equal no matter how many grains are developing 
and secondly that the quantity (x) of grain-filling 
material claborated from photosynthetic products in 
any floret will be constant. It could be objected that 
unequal quantities of material from non-ear parts are 
available for grain filling, where there are differing 
numbers of florets, on the following grounds. Florets 
will lose carbohydrate by respiration, the total loss 
per ear depending on number of florets. If respired 
material comes from non-ear parts, then the more 
florets carried per ear the less non-ear material there 
will be for grain filling. However, from evidence 
listed at the end of this communication, it seems likely 
that ear tissues respire their own products rather than 
those of non-ear parts. Thus this objection would not 
apply. 

If now we consider two treated plants carrying 71 
and me florets per ear, with final grain weights of w1 
and we respectively, then from the first assumption 
we may write: 

ni(wi1 — @) = No(we — 2). 
This may be solved for x, which, when expressed as a 
percentage of grain weight of control plants, as 
indicated in ref. 3, gives a measure of the contribution 
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of ear photosynthesis to grain yield. This technique 
has now been used for measuring the contribution of 
ear photosynthesis to grain yield of barley, and the 
results are presented below. 

The two-row barley variety (Hordeum distichum var. 
Prior) used in the previous work? was chosen as 
experimental plant. Sixty plants were grown in the 
open garden. The main stem and two tillers were 
allowed to develop, further tillers being cut off as they 
appeared. Twenty plants were allotted at random to 
each of three treatments: (1) control; (2) stems 
defoliated and shaded, 18 florets per ear; (3) stems 
defoliated and shaded, 6 florets per ear. Techniques 
involved were as described by Buttrose and May’. 
Ears were harvested at maturity, 6 corresponding 
grains removed from each ear, awns broken off at the 
apex of the grain, and each group of 6 grains with 
attached glumes weighed after oven drying. The fact 
that glume weight is included in grain weight does not 
affect the calculation of ear contribution. The average 
grain weight per group was taken, there being 60 
groups of 6 grains per treatment. Results are sum- 
marized in Table 1. 

Table 1. MEAN WEIGHTS (MGM.) PER GRAIN FOR THE THREE TREATMENTS, 
WITH STANDARD DEVIATIONS 
Control Defoliated and shaded 
18 grains/ear 6 grains/ear 
42-3 + 3-1 46-5 + 3-0 


Treatment 
Weight/grain 52-6 + 2-5 
(mean of 60 group 
averages) 
P<0-01 
The pattern of results follows the earlier findings, and 
thus the contribution of ear photosynthesis to grain yield 
may be calculated as described above. From values in 
Table 1 it may be calculated that the ear contributed 
76 per cent of grain dry weight. 
This figure is much higher than any obtained 
using the ear-shading technique. As the grain con- 
stitutes some 70 per cent of ear dry weight, Archbold’s 
average value would be of the order of 40 per cent, if 
ear products were used solely by grains and not 
vegetative parts. Admittedly, variety and growing 
conditions could affect the figure; but it is unlikely that 
such effects could account for the difference. However, 
a consideration of technique offers an explanation. 
There appears to be a general excess of substrate 
within the barley plant during grain filling?.4. If now we 
consider the barley plant as composed of ear and non- 
ear parts, then it could be proposed that normally the 
total amount of carbohydrate material elaborated by 
the ear, and not respired, enters the grain, while only 
a portion of such material from non-ear parts has a 
like fate. On ear shading this excess from non-ear 
parts could be utilized and partly compensate for the 
absence of ear materials. In this case ear contribution 
would be underestimated. On the other hand in the 
present work the ear is induced to contribute to its 
maximum, and so a maximum possible ear contribu- 
tion has been measured. It could equally be proposed 
that normally carbohydrate elaborated by non-ear 
parts is used up fully by developing grains, while that 
of the ear is used only in part. In this case ear shading 
would give a valid measure, while the present tech- 
nique would overestimate ear contribution. It remains 
to speculate as to which of the two proposals is more 
probable, or whether neither part contributes its 
maximum. The foilowing evidence favours the 


proposal that ear, rather than non-ear, materials are 
preferentially used for grain filling (and floret respira- 
tion): 

(a) the proximity of awns and glumes to grains, as 
compared with stem and leaf sheath; 

(6) carbon fixed within a floret is not transported 
outside that floret; 
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(c) Porter et al.5, from a consideration of sugar and 
nitrogen transport in the plant, suggested that 
material elaborated in the ear was preferentially used 
by grains. 

It would seem then most probable that products of 
ear photosynthesis are fully utilized in grain develo)- 
ment, and thus that the maximum value of 76 per cent 
for this contribution to grain dry weight could be a 
closer approximation to the true value than lower 
figures obtained using ear shading. 

One of us (M.S.B.) was supported by a George 
Murray Scholarship of the University of Adelaide. 


A. FREY-WYSSLING 
M. 8S. ButrtrosE 


Institut fiir Allgemeine Botanik, 
Eidgenéssische Technische Hochschule, 
Zurich. 
* Archbold, H. K., Ann. Bot., N.S., 6, 487 (1942). 
2 Asana, R. D., and Mani, V. 8., Physiol. Plant., 8, 8 (1955). 
3 Buttrose, M. S., and May, L. H., Aust. J. Biol. Sci., 12, 40 (1959). 


* Archbold, H. K., Nature, 156, 70 (1945). 
* Porter, H. K., Pal, N., and Martin, R. V., Ann. Bot., N.S., 14, 55 (1950). 


Influence of Temperature on the Symbiotic 
Nitrogen Fixation of Legumes 


MEYER and Anderson! recently found that moder- 
ately high temperatures inhibit symbiotic nitrogen 
fixation in subterranean clover grown in nutrient agar 
and they imply that their results may be applicable 
to all legumes under all conditions. Objection must 
be made to such a premature generalization, especially 
when it is maintained that these findings are of 
significance in relation to the culture of legumes under 
field conditions, particularly in tropical and sub- 
tropical environments. 

It should be pointed out, first, that Meyer and 
Anderson’s! experiments were carried out at constant 
high temperatures. The results of such experiments 
cannot be used without qualification to predict the 
behaviour of plants in the field, since plants are 
seldom subjected to constant high temperatures in 
Nature. Secondly, it is possible that the results may 
be affected by the strain of Rhizobium used in the 
experiments. Different strains of a _ particular 
Rhizobium, all apparently equally effective on one 
legume species, may differ in their capacity to survive 
under high light and temperature conditions?:*, It is 
possible that such strains may also differ in their 
ability to fix nitrogen at relatively high temperatures. 

Thirdly, and perhaps most important of ail, 
legumes themselves vary in their temperature require- 
ments. Tropical legumes can not be expected to grow 
well in colder climates whether they are dependent 
for their nitrogen on Rhizobium or not. 

During the past few years extensive investigations 
have been carried out at this Institute* 45 on the 
influence of temperature and photoperiod on tlie 
nitrogen assimilation, growth and flowering of 
legumes. Seeds are inoculated with effective strains 
of Rhizobium and the plants are usually grown !n 
vermiculite or sand cultures watered with a nitroget:- 
free nutrient solution. The plants are kept out of 
doors or in temperature-controlled glasshouses fcr 
8 hr. during the day and are then moved for 16 hr. to 
constant temperature rooms in which the length of 
the photoperiod can be adjusted. 

Plants of Vicia sativa, Pisum sativum and Lupinus 
luteus reacted in accordance with the results of Meyer 
and Anderson!, namely, other environmental factors 
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Table 1. THE INFLUENCE OF NIGHT TEMPERATURE ON THE NITROGEN 
ASSIMILATION OF Arachis hypogea AND Glycine max 
Arachis hypogea Glycine maz. 
Night Period of Period of Period of 
tempera- growth : growth : growth : 
ture, 2 months 3°5 months 2-5 months 
“ie 
N (per — N(per Total N (per Total 
cent of cent of N cent of N 
dry sites dry (mgm. dry (mgm. 
weight) per weight) per weight) per 
plant) plant) plant) 
30 2-5 85-0 2-4 168-2 3:5 118-1 
27 2:5 79°3 2°8 148-6 _— 
21 2-2 48:5 2-5 120-1 3-0 0 92-0 
18 1:9 38°3 2-4 127-5 3-0 88-0 
15 1:5 23-3 a7 32:0 2-9 58-5 
10 aT 15-2 1-4 14-4 2-3 37:7 


bg plants were grown in an 8 hour photoperiod in a glasshouse at 
for 8 hr. during the day and at the specified tempe ratures during 
th: yng The values given are the means of 15-20 plants except 
: ‘a the first harvest of Arachis, where 5 plants per treatment were 
being similar, an increase in the day temperature from 
18°, 19° or 21°C. to either 25° or 27°C., generally 
deereased the nitrogen percentage and the total 
nitrogen content of the plants. An increase in the 
night temperature from 10°C, to 21°C. generally also 
decreased the total nitrogen content although the 
actual nitrogen percentage often increased. 

Quite different results have been obtained with 
other legume species which normally grow best during 
the warmest season or in tropical or sub-tropical 
areas. Growth and nitrogen assimilation in these 
plants were always depressed by the lower range of 
day temperatures used. For Stizolobium deeringianum 
(velvet bean)® a low night temperature of 10°C. was 
more harmful to the growth of the plants when they 
were dependent on the Rhizobium for their nitrogen 
nutrition than when nitrogen was supplied to the 
growth medium. Nitrogen fixation in Stizolobium 
increased with night temperature and was poor below 
18°C. Essentially similar results have since been 
obtamed with Arachis hypogea (groundnut) and 
Glycine max {soya bean). Some of these results are 
presented in Table 1. A comparison of the figures for 
the two harvests of Arachis indicates that no nitrogen 
fixation took place at a night temperature of 10°C. 
and very little at 15°C. during the intervening period. 
The nitrogen present in the plants at 10°C. is approxi- 
mately the amount which is present in the seed. 
Glycine max plants were less sensitive to the lower 
night temperature than the Arachis plants. 

In other plants such as Trifolium pratense the effect 
of day and night temperature on nitrogen assimilation 
was much less consistent and, within limits, apparently 
of less importance than. the effect of other factors. 

The influence of temperature on legumes therefore 
does not follow any one simple pattern but has to be 
investigated separately for each species under a 
variety of conditions. 

Grateful acknowledgment is made to Mrs. B. 
Clarke, Mrs. M. C. van Beijma and other members of 
tne technical staff for assistance in carrying out the 
experiments and to the Department of Agriculture 
and the South African Council for Scientific and 
Industrial Research for grants in aid of this investiga- 
tion. 

MARGARETHA G. MES 
Plant Physiological Research Institute, 
University of Pretoria. 


* Meyer, D. R., and Anderson, A. J., Nature, 183, 61 (1959). 
* Saubert, S. , and van Gijlswijk, N. O., S. 2 Afr - s Sci., ‘53, 233 (1957). 
* Annual Report of the Plant Phys. Res. Inst., Univ ersity of Pretoria, 


958. 
‘ Annual Doge of the Plant Phys. Res. Inst., University of Pretoria, 
35-195 
. ine Report of the Plant Phys. Res. Inst., University of Pretoria, 


* Mes, Margaretha G., S. Afr. J. Sci., 55, 35 (1959). 
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Fixation of Nitrogen by the Rice Plant 


APPRECIABLE work has been done by P. K. De’, 
Uppal et al.? and Chaudhuri H.* on the fixation of 
nitrogen by blue-green algz in rice soil. Further work 
by Watanabe et al.‘ revealed that some specific 
alge fix nitrogen in rice soil. Watanabe®> showed 
that a few species, for example, Tolypothrix tenius, 
Calothrix brevissima and Anabaenopsis sp. seemed to 
have greater ability to fix atmospheric nitrogen than 
the usual blue-green alge. So it is clear as most of 
the rice soil devoid of these specific blue-green algze 
can support rice plants and also maintain the nitrogen 
level more or less constant there must be other 
sources for nitrogen recuperation. Rain water alone 
cannot account for this. Sahasrabuddhe* showed 
that the presence of growing rice roots helps in fixing 
nitrogen in the soil. Sen’ suggested the presence of 
nitrogen-fixing organisms living symbiotically in the 
roots of rice plant. Viswanath® also suggested that 
the rice plant can fix atmospheric nitrogen. 

Rice seedlings (Aman variety) were grown in a 
nutrient solution, which was replaced weekly, and 
contained in series of 2-5-l. wide mouth culture 
bottles wrapped completely with black flint paper to 
prevent algal growth. Nutrient solution was of the 
following composition : 

Stock solution 1— 6-8% NH,NO, solution 

Stock solution 2— 5-7 gm. KH,PO, ) 

1-6 gm. K,SO, { 
18-4 gm. MgSO,, 7H.O f 
11-7 gm. CaCl, 6H, 0 
15 gm. FeCl, ) 
2-5 gm. MnSO, > 
45 c.c. H,SO, (conc.) J 

Stock solution 4—10 per cent H,SO, solution. 

30 c.c., 300 ¢c.c., 26 c.c. and 34 c.c. were taken from 
the stock solution 1, 2, 3 and 4 respectively and the 
volume made up to 30 1. with tap water of pH 7:8. 
The pH of the resulting nutrient solution became 4-0 
which was kept more or less constant throughout 
the experiment in order to prevent the precipitation 
of iron as FePO, and transformation of NO,— to 
NO,— which would have been injurious to plant 
growth. The experiment was conducted for 3 months 
up to the flowering stage of the plant. 

40 rice seedlings of approximately the saine weight 
and 3 weeks of age were grown in the nutrient solution 
of half the concentration indicated in the formula 
above in several lots, and after one month’s growth 
four of the seedlings (Ist series) were analysed and 
the average total nitrogen per gm. of green matter 
was found to be 3:30 mgm. The rest of the seedlings 
continued to grow in nutrient solution of full con- 
centration taking two seedlings in each culture 
bottle. The average value of 3-30 mgm. was utilized 
to calculate with reasonable accuracy the initial 
total nitrogen in each of the 9 seedlings (2nd series) 
grown for another month in nitrogen-free solution 
(formula above without NH,NO,;) and hence the 
average initial total nitrogen of the 9 seedlings was 
found to be 60-13 mgm. (a). At the end of the 
period of nitrogen starvation the 9 seedlings were 
analysed for average total nitrogen which was 
91-34 mgm. (6). The difference between (a) and (5), 
that is, 31-21 mgm. gave the average increase in 
total nitrogen per plant during the period of nitrogen 
starvation. The rest of the seedlings continued to 
grow in the nitrogen-containing nutrient solution of 
full concentration for another month and then were 
divided into two halves. The seedlings of the first 
half (3rd series) were analysed as before, and the 
average total nitrogen per gm. of green matter was 
found to be 2-87 mgm. which was utilized in cal- 
culating initial nitrogen of each of the seedlings of the 
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water 
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other half (4th series) and hence the average initial 
total nitrogen of the seedlings could be calculated as 
160-72 mgm. (c). The seedlings of the 4th series 
after the growth in nitrogen-free solution for another 
month were analysed and the average total nitrogen 
of these seedlings after the period of nitrogen star- 
vation was found to be 171-46mgm. (d). The difference 
between (c) and (d), that is, 10-74 mgm. gave the 
average increase in total nitrogen per plant during 
the said period. 

Six showers were experienced during the period of 
experiment and the rain water was first concentrated 
by distilling with MgO together with and without 
Devarda’s alloy and the distillate was finally analysed 
colorimetrically*. The NO,—N was nil and NH,—N 
varying from 0-1 to 0-06 p.p.m. was of little significance 
so far as nitrogen recuperation through rain water 
was concerned. Absence of Azotobacter or any other 
nitrogen-fixing organism in the nutrient solution 
after the two nitrogen starvation periods was tested 
by silica gel method. 

Thus the experiment 
possibilities : 

(1) That rice plant is capable of synthesizing ele- 
mentary nitrogen (may be a fraction of normal 
requirement) under most adverse circumstances, 
as is evident from the low percentage of nitrogen 
in the rice plants after the periods of nitrogen 
starvation. 

(2) That nitrogen-synthesizing ability of rice plant 
decreases with age of the plant. 

Further work is in progress, the details of which 
will be published. 


revealed two distinct 


S. P. CHAKRABORTY 
S. P. Sen Gupta 
West Bengal State College of Agriculture 
(Research Wing), 
Haringhata, Nadia, India. 
August 26. 
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Gibberellic Acid and the Chilling 
Requirements of Peach Seeds 


PEACH seeds normaliy have to be stratified at a low 
temperature for approximately two months before 
they germinate. Unstratified seeds can be made to 
germinate by removal of the seed coats!, and experi- 
ments performed at this Institute? indicate that 
unstratified embryos lack the power to overcome the 
mechanical resistance offered by the seed coats. The 
seedlings obtained from unstratified excised embryos 
develop dwarfed shoots with abnormally short inter- 
nodes and the leaves are often distorted. This shows 
that the chilling requirements are not concerned with 
germination alone. The shoot apex of the embryo 
appears to be the main part of the seedling which 
requires cold treatment to ensure normal develop- 
ment. The roots show no apparent abnormal 
symptoms, and shoots which develop from lateral buds 
seem normal in all respects. 

Since gibberellins have such a marked promotive 
effect on the growth in length of stems, there seemed 
a strong possibility that this group of chemicals would 
overcome the dwarf growth of unstratified seedlings. 
In a recent review, Stowe and Yamaki? do, in fact, 
state that the chilling requirements of peach seeds can 
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be eliminated by the action of gibberellins. This 
statement is based on a publication by Donoho and 
Walker‘ and on an abstract of a paper by Gray®. 

Donoho and Walker‘ used peach seeds which had 
received 35 days of stratification, and their results 
showed that if such seeds were soaked for 24 hr. in 
solutions containing gibberellic acid, the percentage 
germination of the seeds and the growth of both roots 
and shoots of the seedlings were improved, as com- 
pared with seeds not soaked in gibberellic acid. 
However, the untreated seeds germinated to the 
extent of 30 per cent, which indicates that the chilling 
requirements of a considerable percentage of the seeds 
were satisfied by 35 days of stratification. All that 
can be said of the treatment with gibberellic acid, 
therefore, is that it might have eliminated a part of 
the chilling requirements of the seeds. What this 
amounted to was not determined nor was the growth 
of the plants obtained from treated seeds compared 
with that of plants derived from fully stratified seeds 
also treated with gibberellic acid. 

In the abstract of Gray’s® paper it is stated that 
10 p.p.m. gibberellic acid in agar brought about 35 per 
cent germination of unstratified peach seeds as against 
0 per cent in untreated controls. Seeds stratified for 
2 months also germinated to the extent of 35 per cent. 
According to Gray, the gibberellic acid treatment 
completely replaced the chilling requirements of the 
seeds. In the abstract no mention is made of whether 
the growth of the seedlings obtained from gibberellic 
acid-treated unstratified seeds was normal and 
whether it was compared with that of stratified 
seedlings. 

In the last few years we® have made numerous 
attempts to induce germination of ‘Kakamas’ peach 
seeds and normal growth of unstratified embryos 
excised from the seeds. The methods tried included 
treatment with gibberellic acid, which was tested at 
various concentrations (mainly 10 to 100 p.p.m.) and 
applied in various ways, namely: as a_ solution 
in which seeds with or without seed coats were 
soaked*; as a solution, which was applied regularly 
at daily to weekly intervals to the growing 
points of the seedlings*; as a solution, with and 
without “Tween 20° as a wetting agent, with which 
whole plants were sprayed‘, in ‘Carbowax’ or lanolin 
at concentrations of up to 0-5 mgm. per ml. with 
which seeds or parts of seeds or seedlings were treated. 
(Samples of gibberellic acid were kindly supplied 
by Lilly and Co., Indiana, Plant Protection (Pty.) Ltd., 
Johannesburg and Chas. Pfizer and Co. Inc., New York.) 
None of these methods proved successful in obtaining 
normal growth comparable with that of seedlings froin 
stratified seeds. 

Since Gray® used agar and the possibility exists that 
gibberellic acid is more easily absorbed over a longer 
period from agar, his experiments were repeated at 
this Institute’. Sixty unstratified peach seeds were 
placed in 1 per cent agar and sixty were placed in 
1 per cent agar containing 10 p.p.m. gibberellic acid 
in petridishes. The dishes were kept at 18°C. When 
seeds had germinated, the seedlings were planted in 
soil and kept out of doors to observe their growth. 
One seed germinated in pure agar and 8 in the agar 
containing gibberellic acid. The acid therefore caused 
a slight improvement in the germination. percentage, 
but all the seedlings which developed remained 
dwarfed. The experiment was repeated with almost 
identical results. The treatment with gibberellic acid 
therefore did not replace the chilling requirements of 
the seeds notwithstanding the slight improvement in 
germination. 
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Since the article of Sto\.e and Yamaki® appeared, 
Fiemion® has also reported negative results on the 
germination of peach seeds soaked in solutions of 
cibberellic acid. She found that treatment of dwarf 
seedlings with gibberellic acid in lanolin was successful 
in some instances in causing an increased growth in 
length of the internodes but the results appear to have 
been extremely variable. Moreover, malformed leaves 
were still present after gibberellic acid treatment. 
Kiven in the most successful cases the growth of the 
ribberellic acid-treated plants was not similar to that 
if stratified seedlings not treated with gibberellic acid. 
{t should be pointed out that for a true evaluation of the 
effect of gibberellic acid on dwarf growth, the growth 
f treated unstratified seedlings should be compared 
with that of treated stratified seedlings. It is possible 
ihat the effect would be similar in’nature to that obtained 
at this Institute in the dark®. The length of the inter- 
nodes of unstratified dwarf seedlings was much 
ereater in the dark than in the light, but even in the 
darkness the growth rate amounted to only approxi- 
mately half of the growth rate of stratified seedlings. 
The difference between the two types of seedlings was 
therefore maintained. 

In view of the above, it is hoped that the idea that 
gibberellic acid can eliminate the chilling require- 
ments of peach seeds will not be perpetuated in the 
literature without further thorough investigations. 

Grateful acknowledgement is made to Mrs. M. C. 
van Beijma for assistance in carrying out the experi- 
ments. 

MARGARETHA G. MES 
Plant Physiological Research Institute, 
University of Pretoria. 
Aug. 21. 
1 Flemion, F., Contrib. Boyce Thompson Inst., 6, 205 (1934). 
* Annual Report of the Plant Physiological Research Institute, 
University of Pretoria, 1955-1956, p. 7 
® Stowe, B. B., and Yamaki, T., Science, 129, 807 (1959). 
. Donoho, Cc. W., and W alker, D. R., Science, sesh 1178 (1957). 
® Gray, R. > Plant Physiol., Suppl. 33, 40 (1958) 
‘Annual Re port of the Plant Physiologic: al Research Institute, 
University of Pretoria, 1957, 
7 Annual Re port of the Plant i eeiihiiiinel Research Institute, 


University of Pretoria, 1958, p. 8. 
§ Flemion, F., Contrib. Boyce Thompson Inst., 20, 57 (1959). 


Influence of Gibberellic Acid and Photoperiod 
on the Growth, Flowering, Nodulation and 
Nitrogen Assimilation of Vicia villosa 


THURBER, Douglas and Galston! recently issued a 
warning against the application of gibberellins to 
legumes, because they found that nodulation of 
dwarf beans was decreased by this means. On the 
other hand, Fletcher, Alcorn and Raymond? found 
no adverse effects when gibberellic acid was applied 
to white clover plants growing in agar or soil cultures. 

In experiments with Vicia villosa carried out at this 
Institute, it was found that the effects of gibberellic 
acid on this legume depended on the age of the plants 
at which the acid was applied. 

Vicia villosa plants inoculated with an effective 
Rhizobium strain were grown in sand cultures and 
wasered twice weekly' with a nitrogen-free nutrient 
solution. 

In the first experiment, half the plants were sprayed 
once weekly with a 10 p.p.m. gibberellic acid solution 
as soon as they appeared above the medium. The 
other plants were kept as controls. Both groups of 
plants were grown out of doors. After three weeks 
there were no significant differences between the 
plants treated with gibberellic acid and the controls 
with regard to dry weight and nitrogen content, but 
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the average height of the treated plants was 20 cm. 
and that of the untreated plants 10-7 cm. The results 
of analyses of plants harvested after 6 weeks are 
summarized in Table 1. The treated plants were 
very spindly and sparsely branched and had a poor 
root system with correspondingly few nodules. The 
control plants were sturdy, well-branched, well- 
nodulated and high in nitrogen. It should be noted 
that the increase in height during the third to the 
sixth week was approximately similar in both groups 
of plants. 


Table 1. THE INFLUENCE OF GIBBERELLIC ACID ON 6-WEEKS OLD 
Vicia villosa PLANTS SPRAYED ONCE WEEKLY WITH A 10 P.P.M. 
GIBBERELLIC ACID SOLUTION 


Dry weights per 
plant, mgm. 


Treat- Height Nodules 


N(% Total 
ment (cm.) (No. 


of dry N 


per - weight) (mgm. 
plant) Roots Tops Total per 

plant) 
Control 17 77 74 152 226 3:8 8-5 
Sprayer 27 27 33 91 129 3:0 3°38 


In a second experiment, sand cultures of Vicia 
villosa were kept out of doors during the day and in 
growth rooms at 15°C. during the night. In these 
rooms some groups of plants received an 8-hr. photo- 
period and other groups one of 16 hr.; when the plants 
were well established and root nodules were present, 
one group of plants in the 8-hr. photoperiod was 
sprayed once weekly with 10 p.p.m. gibberellic acid. 
When flower buds were visible in the long-day 
treatment, a second group of plants in short-day 
treatment was sprayed once weekly with gibberellic 
acid and a third group was moved from short day 
to long day conditions. The results of analyses of 
plants harvested at three different growth stages 
are presented in Table 2. 

Long days increased the height of the plants, the 
dry weight of roots and tops, the size of the nodules 
and the total nitrogen content of the plants. However, 
long days decreased the number of branches, the 
number of nodules, particularly in the early growth 
stages, and the percentage of nitrogen in the plants. 
Flowering occurred only in a 16-hr. photoperiod. 

When gibberellic acid was sprayed on plants 
approximately three weeks old, their growth in length 
was accelerated. Between the second and third 
harvest, however, the absolute increase in height of 
the plants in the short photoperiod was similar with 
and without gibberellic acid treatment. This is in 
agreement with the results of the first experiment. 
Gibberellic acid treatment from September 17 caused 
a decrease in the number of branches but an increase 
in the dry weight and total nitrogen content of the 
plants. The number of nodules was. somewhat 
decreased by gibberellic acid treatment, but the 
effect on the percentage nitrogen was negligible. 
The treated plants occasionally formed microscopic 
inflorescences but the buds dried up. When gibberellic 
acid was applied to plants after November 7, or when 
plants were transferred from short to long photo- 
periods on that date, the modified treatments had 
little effect on the dry weight and total nitrogen 
content. Both treatments increased the height of 
the plants but prevented further formation of lateral 
branches. 

Similar results with older plants were obtained in 
a third experiment. 

Thus when gibberellic acid was applied to Vicia 
villosa in the earliest growth phases, its effect was 
detrimental. The decreased nodulation obtained in 
young plants treated with gibberellic acid may be 
due to poor growth, particularly root growth, and 
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Table 2. THE INFLUENCE OF GIBBERELLIC ACID AND PHOTOPERIOD ON THE GROWTH AND NITROGEN ASSIMILATION OF Vicia villosa 
Branches, Nodules Dry weight 
per plant (mgm.) 
Date of Day G.A. Height of 7 x _Dry N(% Total 
harvest length treatment plants Number Number’ weight per dry N (mgm. 
(hr.) (em.) per per nodule Roots Tops Total weight) per 
plant plant (mgm.) plant) 
Oct. 14 8 None 10-0 9 106 0-28 126 217 343 3-2 11-1 
38 From 17/9 27-5 8 75 0-33 ‘ 97 267 364 3-1 11°3 
16 None 17-0 7-5 56 0-62 157 294 451 3-2 14-4 
Nov. 12 8 None 21-5 2% 166 _— 300 102. 1325 4-5 59-2 
8 From 17/9 52-3 20 105 — 349 1388 1737 4-1 71-6 
16 None 61-8 12 124 — 654 1943 2598 3°38 99-0 
Dec. 9 8 None 40-6 37 — — 718 2804 3522 3:6 
8 From 17/9 75-0 25 -— — 804 4265 5069 3:4 
16 None 98-0 12 — — 1845 51 7196 2-6 
38 From 7/11* 54:3 23 _— _— 614 2574 3188 4-0 
8-16T None 54-1 23 —_ _— 831 2675 3556 3-5 


Seeds were sown in sand cultures on August 27, 1958. 





The plants treated with gibberellic acid (G.A.) were sprayed at weekly intervals with a solution containing 10 p.p.m. acid. 
The values given are the means of 20-30 plants except where otherwise indicated. 


* The values for this treatment are the means of 12 plants. 
¢ Plants transferred from short days to long days on November 7. 


not to some specific inhibition of nodulation by 
gibberellic acid. The effect of gibberellic acid on 
nitrogen assimilation was beneficial when the chemical 
was sprayed on plants firmly established in a short 
photoperiod. When plants were still older, gibberellic 
acid had little or no effect except on the height of 
the plants. 

Grateful acknowledgment is made to the technical 
staff, particularly Mrs. M. C. van Beijma, for assistance 
in carrying out the experiments, to the Department 
of Agriculture and the Council for Scientific and 
Industrial Research for grants in aid of this work and 
to Lilly and Co., and Plant Protection (Pty.) Ltd., 
Johannesburg, for supplying us with samples of 
gibberellic acid. 

MARGARETHA G. MES 
Plant Physiological Research Institute, 
University of Pretoria. 
egy rs G. A., Douglas, J. R, and Galston, A. W., Nature, 181, 1082 
(195s). 


2 Fletcher, Wm. W., Alcorn, J. W. S., and Raymond, J. C 
182, 1319 (1958). 
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Gallic Acid in Phycomyces Sporangiophores 

THE discovery of a strong negative phototropism 
to ultra-violet illumination in Phycomyces sporangio- 
phores! focuses attention on the presence of ultra- 
violet-absorbing substances in these organs. Such a 
substance might function as a primary _ photo- 
sensitive pigment, as a screening pigment, or possibly 
as both. This report concerns how I have isolated an 
ultra-violet-absorbing substance from sporangio- 
phores of Phycomyces blakesleeanus and shown this 
substance to be gallic acid (3,4,5-trihydroxy benzoic 
acid). It is well known that gallic acid is produced 
by a Phycomyces mycelium**, and the presence of 
gallic acid in sporangiophores has been briefly noted 
by Schroter‘. 

About 2,000 sporangiophores, 4 cm. in length, 
were separated from the mycelium 4 days after 
inoculation on potato dextrose agar, and the cell 
contents was collected by pressing. About 1 ml. of 
fluid was obtained, which was cleared of large 
particles by centrifuging at 1,000 times gravity. A 
300-fold dilution of a small portion of the supernatant 
in water had an optical density of 1-6 at 260 my 
(optical path 1 em.), which would correspond to a 
gallic acid concentration of about 10 mgm./ml. in 
the undiluted supernatant. 

The remaining supernatant (nearly 1 ml.) was 
dried on the base line of a chromatogram and 


developed in a solvent system of 1 part formic acid, 
7 parts isopropanol, and 2 parts water. Then the 
ultra-violet-absorbing material was located as a dark 
band under illumination at 254 my, and a strip 
containing this region was cut out and eluted with 
ethanol. The eluate was evaporated to dryness, 
resulting in a crystalline residue, which was further 
purified by recrystallizing from hot water. 

These purified crystals were then shown to be 
identical with known gallic acid with respect to the 
following properties : melting point, chromatographic 
mobility in three different solvent systems, electro- 
phoretic mobility, colour reactions with ferric chloride 
and with potassium periodate, and the ultra-violet 
absorption spectrum. 


The distribution of gallic acid along the length of 


the sporangiophore was also examined. The method 
is to freeze the sporangiophore and then crush it 
carefully on to filter paper. Upon thawing and spray- 
ing with ferric chloride solution, a rather uniform 
blue-black line is formed on the paper where the 
sporangiophore was crushed, indicating the presence 
of gallic acid at all points along the sporangiophore. 
Although the method is not refined, the results rule 
out the possibility that the gallic acid is concentrated 
in any highly localized region, such as the narrow 
region of growth and light sensitivity at the upper end 
of the sporangiophore. 

The rather high concentration of gallic acid found 
in sporangiophores (10 mgm./ml.) leads to a very 
marked screening effect in the ultra-violet. A gallic 
acid concentration of 10 mgm./ml. would produce 
an attenuation in the light intensity of more than 
99 per cent, for light having a wavelength shorter 
than 290 my and traversing the 0-1 mm. thickness of a 
sporangiophore. Thus a sporangiophore illuminated 
unilaterally by ultra-violet light would receive a 
greater intensity on its proximal side than on its 
distal side. This is the inverse of the situation with 
visible light and could account for the reversal o 
pkototropism observed in the ultra-violet. 

The advice and assistance of Prof. H. K. Mitchel! 
is gratefully acknowledged. 

Davip 8. DENNISON* 
California Institute of Technology, 


Pasadena, California. 
September 7. 


* Present address: Department of Zoology, Dartmouth College, 


Hanover, New Hampshire, U.S.A. 

1 Curry, G. M., and Gruen, H. E., Nature, 179, 1028 (1957). 

* Bernhard, K., and Albrecht, H., Helvet. chim. Acta, 830, 627 (1947). 
3 Brucker, W., Flora, 142, 343 (1955). 

* Schriiter, H.-B., Kulturpflanze, 1, 49 (1956). 
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SOIL SCIENCE 


Aluminium extracted by Neutral 
Citrate-Dithionite Reagent 


THE neutral citrate-dithionite reagent of Aguilera 
| Jackson! is used widely to remove iron oxides from 
ls and soil clays prior to mineralogical analysis. It 
is also employed in a scheme for the fractionation of 

| phosphorus?, where it is used for extracting iron- 
jound, but not aluminium-bound, phosphorus occlu- 
ded by secondary iron oxides. This communication 
leseribes a method for determining aluminium 
‘stracted from soils by this reagent and reports the 
mounts of aluminium extracted from an aluminium 
oxide, an aluminium phosphate, and some New 
Zealand soils. The oxide was prepared by adding 
amonium to a solution of aluminium chloride and 
lialysing the precipitate until free of soluble salts; 
» hydrous oxide had been air-dried and stored for 
years. The phosphate, a B.D.H. laboratory reagent, 
is washed with water until water-soluble phosphorus 
is reduced to 0°25 per cent. 


dai 


Sh = 


sawntaoe 


0:4 gm. of the oxide and phosphate and 1 gm. of 
finely ground soil were extracted according to the 
procedure of Aguilera and Jackson!. The extracts 
were digested with hydrogen peroxide until oxidation 
of the sulphur was complete. An attempt to determine 
aluminium colorimetrically using aluminon failed 
because the aluminon was partially decolorized by an 
oxidizing agent in the extract. A volumetric method 
using disodium-athyleminediaminetetraacetic acid 3:4 
was found satisfactory. Before carrying out the 
titrations it was necessary to oxidize the solution with 
boiling concentrated nitric acid to destroy. a com- 
plexing agent which formed during the peroxide 
oxidation. This complexing agent held both iron and 
aluminium aginst ethylenediaminetetraacetic acid at 
pu 6-7. 


An aliquot of the citrate-dithionite reagent was 
oxidized with boiling concentrated nitric acid and then 
evaporated to dryness. The residue was taken up in 
1 + 1 hydrochloric acid and the evaporation repeated. 
The residue was baked on the hot plate for 30 min. and 
was then taken up in 1 ml. of 1 + 1 hydrochloric acid, 
followed by about 30'ml. of water. The procedure of 
Longuyon® was followed except that, because the 
henzidine-ferro-ferri cyanide indicator was oxidised 
by the solutions from soil extracts, the titrations were 
done in 40 per cent ethanol using eriochrome black 7". 


Single extractions of the aluminium oxide and 
luminium phosphate were made with the citrate 
reagent alone and with the citrate plus dithionite. The 
results (Table 1) show that the citrate is mainly 


Table 1 


Estd. by citrate Estd. by 


Total content 
citrate-dithionite 


Al (per P (per Al(per P(per Al(per P(per 

cent) cent) cent) cent) cent) cent) 
Oxide ge 28-5 6-95 5-95 
\’‘hosphate. . 16:9 19-4 3°7 5-2 4-4 55 


responsible for the considerable amount of aluminium 
extracted. Between 20 and 25 per cent of the total 
aluminium was extracted from the oxide and phos- 
phate. In addition, 28 per cent of the phosphorus was 
extracted from the phosphate by the citrate-dithionite 
reagent. 


Double extractions were made with the citrate plus 
dithionite and with the citrate reagent alone on twelve 
New Zealand soils representing different parent rocks 
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and stages of profile development. The aluminium 
extracted by citrate plus dithionite ranged from 0°32 
to 2:2 per cent aluminium, which amounted to 
between 18 and 87 per cent of the iron extracted. The 
citrate reagent alone brought into solution between 
70 and 90 per cent of the aluminium extracted by the 
citrate plus dithionite. Yuan and Fiskell® have found 
that when used as part of Chang and Jackson’s method 
for fractionation of soil phosphorus, the citrate- 
dithionite reagent can extract an appreciable amount of 
aluminium. The procedure of Aguilera and Jackson is 
very useful for the removal of iron oxides from soils 
and soil clays, but it is evidently not specific for iron 
and should not be used uncritically in studies of soil 
colloids and soil phosphorus. 

I wish to thank Dr. L. D. Swindale for helpful 


discussion. 
W. M. H. SAUNDERS 


Soil Bureau, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 

1 Aguilera, N. H., and Jackson, M. L., Soil Sci. Soc. Amer. Proc., 17, 359 
(1953)’ 

2? Chang and Jackson, M. L., Soil Sci., 84, 133 (1957). 

% Longuyon, J. G. de, Ber. Deutsch. Keram. Ges., 35, 155 (1958). 

“ Cimerman, Ch., Alon, A., and Mashall, J., Talanta, 1, 314 (1958). 

> Yuan, T. L., and Fiskell, J. G. A., Soil Sci. Soc. Amer. Proc., 23, 202 
(1959). 


BIOLOGY 
Early Induction of Flowering in Birch Seedlings 


Ir is usual for 5-10 years to elapse before catkins are 
borne on seedling trees of birch (Betula spp.). The 
existence of this.non-flowering or juvenile period (up to 
40 years in some genera) is an important factor in 
tree-breeding, since the improvement of tree form and 
timber quality is hampered by the long and indefinite 
interval between successive generations. 

An experimental attempt to shorten the juvenile 
period in birch (Betula verrucosa, Ehrh.) was started in 
1957. This was designed to determine whether the tree 
develops the capacity for reproduction as a result of 
attaining a certain height or size, or as a result of 
undergoing a certain number of cycles of growth and 
dormancy. Accordingly, the two treatments applied 
were: 

(1) Continuous growth under long-days or con- 
tinuous illumination in a greenhouse at approx. 
15°-25° C. 

(2) Periodic growth, in which the trees made about 
30 cm. of extension growth under the above conditions, 
and then their growth was stopped by short-day 
treatment (9 hr.). After six weeks’ chilling at 0°—-5° C, 
they were returned to long-days. 

Birch seed was sown in February, 1957, and the 
seedlings made rapid growth under long-days in a 
heated greenhouse. In early June the ‘periodic’ series 
commenced short-day treatment, and controls were 
put outside under natural day-length conditions. The 
rate of growth of the ‘continuous’ series decreased 
during the autumn, and then in 8 out of the 14 plants 
increased again during the first three months of 1958. 
The remaining 6 plants became fully dormant, and 
were therefore chilled and re-started. 

During the period November, 1957—February, 1958, 
when they were 1°9-2:7 m. high and less than one 
year old, 7 of the 14 trees in the ‘continuous’ series 
initiated catkins within buds of the upper part of the 
stem, as many as 75 being formed on one tree. These 
catkins began to emerge with the increased growth 
made by the trees during February and March, 1958, 
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and continued to appear sporadically thereafter, 
though on three trees no catkins emerged until 
March, 1959. The earlier catkins, although formed in 
the typical ‘female’ position (that is, within a lateral 
bud), were found after emergence to be male. Catkins 
which remained longer in the bud before emerging 
were generally female, and bisexual catkins were also 
produced when only part of the catkin had emerged 
in the first instance. 

The control and ‘periodic’ series have produced no 
catkins, nor have the plants of a ‘periodic’ series set up 
in 1956 which are now in their sixth cycle of growth. 
It is clear therefore that growing birch continuously 
for 10-12 months may stimulate flower initiation at a 
very early age. Thus, it seems clear that, in this 
species, the attainment of the adult flowering habit 
does not require exposure of the seedlings to a certain 
number of cycles of growth and dormancy. It would 
appear rather that the onset of flowering depends upon 
the attainment of a certain size, though how this ‘size- 
factor’ is operative remains obscure. The lowest 
catkins on the ‘continuous’ series were borne at a 
height of 1°8-2-4 m. from the ground; but this does 
not necessarily correspond with the same height in a 
normally grown tree, since the experimental trees 
were abnormally ‘spindly’ with poor development of 
lateral branches, no doubt due to the poor light condi- 
tions during the winter months and the relatively poor 
mineral nutrient conditions provided in the pots. 
However, it is clear that the internal condition of the 
tree has been changed in some way so that flowering is 
possible. 

It is of fundamental importance in the study of 
juvenility that distinction is made between treatments 
which bring about a transient flowering eftect and 
those which bring about permanent maturation of the 
tissue!. In order to find out which has occurred, it is 
necessary to study the tissue in question isolated from 
the conditions which gave rise to the flowers. Scions 
from flowering branches of the trees were therefore 
bottle-grafted on to seedling rootstocks in August, 
1958, and allowed to over-winter outside. Mature 
tissue of birch when grafted in this way often initiates 
catkins in the following season, whereas juvenile 
tissue never does. One of these grafts has already 
initiated three male catkins, thus providing convincing 
evidence that this tree, at least, of the ‘continuous’ 
series had undergone a fore-shortened but permanent 
process of maturation. 

It is of interest that 8 of these trees are still growing 
actively after more than two years, although in most 
cases the leading shoot underwent a short period of 
dormancy in the second autumn or winter. At the 
time of writing the tallest tree is 6 m. high. Five of 
the flowering trees have continued to initiate 
numbers of normal male catkins, while there is now 
only one tree which has borne no flowers at all. 

Acknowledgements and thanks are due to Mr. J. D. 
Matthews and Mr. I. J. M. Dawson of the Forestry 
Commission for facilities at Grizedale Nursery, 
Lancashire. 

K. A. LONGMAN 


Department of Botany, 
The University, 
Manchester. 
P. F. WAREING 


Department of Botany, 
University College of Wales, 
Aberystwyth. 
Sept. 14. 


1 Wareing, P. F., J. Linn. Soc. (in the press). 
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Proximate Analysis of Marine 
Standing Crops 


In most circumstances the bulk of the biomass in a 
sample of sea-water consists of microscopic particles 
that pass the coarser plankton nets and its analysis, 
after the manner of the proximate analyses made in 
agricultural chemistry, is becoming increasingly 
important in assessing marine food potential. At 
present there exist no really satisfactory methods for 
doing this and the only commonly used procedures are 
pigment extraction methods! which gives some 
measure of living plant material, and the tedious and 
time-consuming processes of direct microscopy. 
Methods such as Krey’s weighing techniques? are 
difficult to apply in the field and give no measure of 
the food potential of the solids being weighed. 


The main problem is one of the quantitative collec- 
tion of particles as small as ly in diameter from many 
litres of water. This is solved conveniently by 
filtration through a membrane ‘sieve’ filter, such as the 
‘Millipore’ HA or AA filter disks. The difficulty is 
then one of removing the collected crop from the 
membrane surface without contaminating it with 
traces of the cellulose base filter. With natural crops 
or cultures of the larger diatoms the cells can often be 
removed quite readily by washing them off the filter. 
However, the ultra-plankton and much detrital 
matter stick hard to the membrane surface. We have 
found that if 1-2 ml. of a 1 per cent suspension of fine 
magnesium carbonate are diluted with about 50 ml. 
of water and then drawn on to the membrane by 
sucking it dry, the resulting ‘gravel bed’ does not 
impair the filtration speed of a ‘Millipore’ filter and 
enables filtered particles, whatever their nature, to be 
removed quite readily. There is little or no adsorption 
of soluble organic material. However, blanks should 
be run, using fresh membranes, magnesium carbonate 
and a little distilled water, as traces of organic matter 
may still be removed. 


Samples of sea-water, pumped from the euphotic 
zone or obtained from greater depths by bottle casts, 
are best collected in a large polyethylene vat and sub- 
sampled into polyethylene bottles for filtration. If the 
water (in amounts not exceeding a few litres) is first 
poured through a clean nylon net of about 0°2-mm. 
mesh size the larger zooplankters are removed with 
only a small percentage loss of phytoplankton cells. 


A volume of sea-water suitable for analysis can be 
passed through a 47-mm. diameter AA ‘Millipore’ disk, 
coated with magnesium carbonate, in less than 20-39 
min. (0°5—2 1. in coastal areas or up to 5-10 1. in the 
open ocean). The membrane is washed completely 
clean by placing it on the side of a 30-ml. beaker and 
washing off the precipitate by short hard bursts of 
3°5 per cent saline. A y»" * mate micro-analysis of the 
filtered material can then be made, after centrifuga- 
tion, using rapid and sensitive spectrophotometric 
methods on aliquots of the centrifuged solids. 


We have analysed for carbohydrate, using the 
anthrone reagent? and for fats using the pinacyano!e 
reagent of Mukerjee*. Protein is conveniently assayed 
using the Folin—Coicalteu reagent, with or without the 
addition of the biuret copper reagent>. Pigments are 
best determined on separate samples by the Richards 
method!. We have devised a convenient method of 
measuring oxidizable carbon using a_ separately 
filtered sample. Instead of centrifuging the mixture of 
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Table 1 
Oxidizable Carbohydrate Protein Lipid Plant 
Sample Carbon (as glucose) (as egg albumin) (as stearic acid) Chlorophylla Carotenoids 
(mgm./m.*) (mgm./m.*) (mgm./m.*) (mgm./m.*) (mgm./m.*) (m. SPPU/m.?) 
49° 13’ N. 123° 57’ W. Departure Bay 
Nanaimo), April 21, 1959. 475 550 398 43 12 45 
Culture of ocean phytoplankton (mixed 
-oceolithophores and small diatoms). 730 455 325 91 11-3 37 
bt N. 145° W. 0-50 m. composite 
ample August 4, 1959. 130 72 150 22 0-27 0-08 


ceils and magnesium carbonate that have been washed 
from the ‘Millipore’ membrane, the suspension is 
refiltered at once through a l-in. diameter UF 
porosity glass disk held in a ‘Millipore’ 1-in. filter 
holder. This disk is rinsed once with water and trans- 
ferred to a small glass beaker. Heating on a boiling 
water bath with a little concentrated phosphoric acid is 
sufficient to remove any chloride interference and the 
residue is then treated with a chromic acid—sulphuric 
acid oxidant®, the reduced chromate being estimated 
spectrophotometrically. Full details of these methods 
are to be published. 

Table 1 shows typical analyses taken from north- 
east Pacific coastal and ocean waters. At the coast the 
solids consisted largely of phytoplankton cells. In the 
open ocean the level of organic matter was not very 
different, but the plant cells contributed only a small 
fraction of the whole, as witnessed by low pigment to 
carbon ratios. This particulate matter, which micro- 
scopical examination indicated was largely detrital in 
nature, persisted to many hundred metres. A signi- 
ficant amount of chitin may have been present but 
this is not estimated by the use of anthrone. The fat 
contents of all samples are lower than would be expected 
from data in the literature’-®; but it must be remem- 
bered that the present technique measures only 
soap-forming lipid material and not the ‘ether extrac- - 
table’ matter normally classed as fats, which might 
well be expected to be much greater in both living cells 
and detritus. 


T. R. Parsons 
J. D. H. StrickLanp 
Pacific Oceanographic Group, 
Fisheries Research Board of Canada, 
Pacific Biological Station, 
Nanaimo, B.C., Canada. 


> Richards, F. A., with Thompson, T. G., J. Mar. Res., 11, 156 (1952). 

* Krey, J., Keil. Meeresforsch, 7, 58 (1950). 

* Hewitt, B. R., Nature, 182, 246 (1958). 

* Mukerjee, P., Anal. Chem., 28, 870 (1956). 

* Hewitt, B. R., Nature, 182, 246 (1958). 

* Johnson, M. J., J. Biol. Chem., 181, 707 (1949). 

* Ketchum, H. H., and Redfield, A. C., J. Comp. Physiol., 33, 281 (1949). 

* Lewin, J. C., Lewin, R. A., and Philpott, D. E., J. Gen. Microbiol., 18, 
418 (1958). 

* Serenkov, G. P., and Barashkov, G. K., Vestnik Moskov. Univ. 9 No. 12 
Ser. Fiz.-Mat. : Estestnen. , Nauk. No. 8,95 (1954); Chem. Abs., 49, 
7657 (1955). : 


Species Specificity of Fish Mucus 


CHROMATOGRAPHIC methods have not been used 
widely in the taxonomic study of fishes. Buzzati- 
‘raverso and Rechnitzer! claimed to have shown 
that geographical races of marine fishes could be 
‘eparated by using paper chromatography to analyse 
muscle-squashes with ninhydrin and _ fluorescent 
methods. Later Dannevig?, using ninhydrin-stained 
chromategrams of fresh muscle squashes, found 
specific differences between various species of Gadide, 
Clupeide and Pleuronectidz. Deep water and inshore 
forms of Gadus morrhuae were found to be separable. 


The chromatographic patterns of flatfish hybrids 
were intermediate between those of the parents but 
tended more towards the maternal type.  Vis- 
wanathan and Krishna Pillai*, using tissue crushes 
from fishes, dead for some time, demonstrated clear 
differences between pairs of species in the genera 
Caranx and Leiognathus. They obtained equivocal 
results with two species of Sardinella. 

Wright‘ has shown that snail mucus consists of 
several chromatographically separable components 
which fluoresce on exposure to ultra-violet light. 
He used these patterns in a taxonomic study of the 
molluscan genus Lymnaea. 

We should like to direct attention to the possibilities 
of the use of chromatographic analysis of fish mucus 
for taxonomic purposes. We have found that the 
simple ultra-violet method described by Wright‘ can 
be used to distinguish many species. However, 
closely related species may require the use of several 
different solvents, and it may be necessary to examine, 
not alone the dry chromatogram, but also the wet 
one, under ultra-violet light. Furthermore, various 
location reagents may be required. 

For example, Gadus pollachius mucus can_ be 
distinguished from the mucus of Gadus virens 
by the fact that the latter leaves no fluorescent 
material at the point of application after running 
with butanol acetic acid, whereas the former leaves a 
pink fluorescent material at the origin. On the other 
hand mucus from Sebastes marinus and _ Sebastes 
mentella produced similar fluorescent patterns after 
running with butanol acetic acid and showed eight 
identical bands after treatment with ninhydrin. 
However, on viewing under ultra-violet light while 
still wet at the end of a run in phenol ammonia 
solvent, the diffuse outermost band (that is, the band 
with the highest Rr value) is split in the former species 
by an evanescent absorption band not seen in the 
latter. After drying the split band of marinus is no 
longer detectable as it is replaced by a single diffuse 
band as in mentella. Ninhydrin-staining of the 
chromatogram produced by running in _ phenol 
ammonia gives ten identical bands in both species. 
Running in phenol water gives a fluorescent band in 
marinus with an Ry value of 0:21, not shown by 
mentella. 

Further studies of fish mucus are in progress and 
will be reported in detail elsewhere. 

We should like to thank the Medical Research 
Council of Ireland for a maintenance grant for one 
of us (J.M.B.). 


J. M. Barry 
Fereus J. O’RGURKE 
Department of Zoology, , 
University College, 
Cork. 
Aug. 24. 


1 Buzzati-Traverso, A. E., and Rechnitzer, A. B., Science, 117, 58 
(1953). 


2 Dannevig, E. H., Tidsskr. Hermetikindusdri, 121 (March, 1955). 

3 Viswanathan, R., and Krishna Pillai, V., Proc. Ind. Acad. Sci., 43, 
B (6), 334 (1956). 

‘ wie A., Harris, R. H., and Claugher, D., Nature, 180, 1498 
(1957). 








2040 


ENTOMOLOGY 


New Pests of Cocoa (Theobroma cacao L.) 
in Ghana following Applications of 
Insecticides 


Various chlorinated hydrocarbon insecticides have 
been tested in large field trials in Ghana in recent years 
against the cocoa capsids Sahlbergella singularis Hagl. 
and Distantiella theobroma (Dist.). Great success has 
led to the widespread use of y-BHC in routine control. 
One of the most persistent of these insecticides, 
‘Dieldrin’, has also been used experimentally with great 
promire for controlling the principal vector of cocoa 
swollen shoot disease (the mealybug, Pseudococcus 
njalensis Laing) by decreasing the populations of its 
attendant ants!. 


The use of these chemicals however has been 
accompanied by increases in other noxious insects not 
normally important as pests, and we cite this as yet 
another example of the swift, adverse reactions which 
often follow a disturbance in insect population balance. 
Such new pests are, perhaps, not likely to cause losses 
in any way comparable to those associated with 
capsids and swollen shoot disease: but they can 
nevertheless have a very high incidence? (Table 1) and 
may become very serious. 


There was early indication of what can happen in 
1955 near Bunso, after a heavy spraying with 
y-BHC at 6-8 oz. toxicant/aere in 1954: the stem 
borer, T'ragocephala nobilis F. var. castnia Thoms. 
(Coleoptera, Cerambycidae) then increased in numbers, 
we think, as the result of spraying. In 1957 a spectacu- 
lar increase in the pod-husk miner, Marmara sp. 
unident (Lepidoptera, Gracillariidae) followed six 
monthly, applications of dieldrin at 4 oz. toxicant/ 
acre as an anti-capsid spray at the West African Cacao 
Institute?. Similar outbreaks in other parts of Ghana 
also occurred, notably at Oyoko following two applica- 
tions of ‘Dieldrin’ (1 lb./acre at approximately 3 
months’ interval) against the attendant ants of 
P. njalensis. This increase on sprayed compared with 
unsprayed areas and the diminution of incidence with 
distance from sprayed areas is discussed elsewhere?. 
Both the Tragocephala and Marmara decreased when 
the concentration and frequency of sprays were 
reduced. 


Early in 1959 after two further applications of 
‘Dieldrin’ (1 lb./acre in June and August, 1958) against 
ants in the experiments at Oyoko two other insects 
became unusually prevalent. These were Eulophonotus 
myrmeleon Feld. (Lepidoptera, Cossidae), a borer in the 
main trunk and branches: and an_ unidentified 
lepidopteron (probably two species, both belonging to 
the Metarbelidae) whose larvz make a web, usually at 
branch junctions beneath which the bark is devoured; 
the stem is usually ring ba~ked and the larve make a 
short gallery into the heart-wood. Table 1 compares 
incidences in sprayed and unsprayed areas (200 acres 
each) eight months after the second spray: populations 
also diminished with distance from sprayed areas. 


Estimates were made from the ground only and 
therefore are minimal. Counts on treated and control 
areas were made on 800 trees in each area, taken along 
diagonal transects. Counts at the three different 
distances from the margin of the treated area were on 
600 trees at each distance (in 3 batches of 200 at 
separate sites). 


Little is known of the mechanism of these increases: 
presumably natural enemies are destroyed. The new 
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Table 1 
Distance from 
sprayed area Percentage of trees attacked 
(ft.) E. myrrreleon unident sp. 
within sprayed area 19-2 278 
50-100 6-1 83 
100-150 3-1 4-6 
500-550 1-5 3-3 
1 mile (unsprayed 

control area) 0-6 0-3 


pests are borers or miners, presumably less exposed to 
the effects of spraying than their parasites. Normally 
60-70 per cent of Marmara larve are parasitized‘ and 
destruction of parasites would be expected to produce 
a striking effect. Cocoa moreover supports many 
defoliators which have not, so far, increased 
after spraying, perhaps because host and parasite are 
both exposed. 

Preoccupation with the control of the two out- 
standing pests of cocoa in West Africa, capsids and the 
mealybug vectors of swollen shoot disease, may have 
given the impression that control of these pests is all 
that is needed; the appearance of new pests following 
spraying underlines again the importance of a study of 
the ecology of not only actual but of potential pests of 
cocoa and of other, especially perennial crops. Further- 
more, the conquest of capsids makes it possible to alter 
advantageously the methods of cocoa cultivation by 
reducing shade®: this has further repercussions on the 
pest populations and emphasizes the need for more 
biological work on the general insect populations of 
cocoa® against the time when even more and newer 
in.ecticides may be called in to meet a changing 
situation. 


P. F. ENTWISTLE 
C. G. JoHNSON* 
E. DuNN 


West African Cacao Research Institute, 
Tafo, Ghana. 


* Seconded to Rothamsted Experimental Station, Harpenden. 
1 Entwistle, P. F., Ann. Rep. West. Afr. Cacao Res. Inst., 31 (1957-8). 


2 Johnson, C. G., and Entwistle, P. F., Ann. Rep. West Afr. Cacao Res. 
Inst., 38 (1957-8). 
3 Quart. Rep. West. Afr. Cacao Res. Inst., No. 47, 9 (1967). 


* Quart. Rep. West. Afr. Cacao Res. Inst., No. 51, 9 (1968). 

5 Cunningham, R. K., and Lamb, J., J. Hort. Sci., 24, 14 (1959). 

® Johnson, C. G., in “‘Agriculture and Land Use in Ghana” (Oxford 
Univ. Press; in the press). 


Hormonal Control of Selective Feeding in 
Female Calliphora erythrocephala Meig 


Calliphora females will live on a sugar diet but will 
not reproduce unless protein-containing substanc:s 
are also ingested!. The selection of carbohydrate and 
protein diets in relation to reproduction has becn 
investigated over the last three years. 

Isolated females were allowed to feed on solutions of 
carbohydrate (100 gm. sugar in 100 c.c. water) and 
protein (5 gm. ‘Marmite’ in 100 gm. milk which for tie 
sake of simplicity will be referred to as ‘protein’) coa- 
tained in identical capillary tubes. The capilla:y 
tubes were held just off the horizontal position so that 
although surface tension prevented the solutions from 
overflowing, the liquids continued to flow down tie 
tubes as the food was ingested. In this mann-r 
selective feeding could be studied in individual 
females for as long a period as was desired. 

The total volume of food ingested each day over a 
complete reproductive cycle was found to be fairly 
constant. Within this total however, protein an 
carbohydrate were selected in quantities which varie 1 
with different phases of the reproductive cycle. Thvs 











att 
age 
to 
are 
the 
Co 
ly 
lar 
$r 
Hi 





84 


ed to 
mally 
4and 
duce 
many 
eased 
e are 


out- 
d the 
have 
is all 
wing 
dy of 
3ts of 
ther- 
alter 
n by 
n the 
more 
ns of 
ewer 


ging 


57-5). 
o Res. 


)xford 


will 
neos 

and 
becn 


as of 
and 
* tie 
COn- 
lary 
that 
rom 
tre 
ner 
qual 


er a 
irl y 


ried 
hus 











December 26 1959 


No. 4704 


during the early stages of egg growth, protein was in- 
gested in relatively large quantities, while during yolk 
formation protein ingestion declined. Carbohydrate 
ingestion on the other hand, was relatively low during 
the early stages but increased during yolk formation. 
A‘ oviposition the cycles started again. 

Further investigations suggest that the intake of 
potein activates the corpus allatum in proportion to 
tic amount ingested, and that corpus allatum activity 
induces the increase in carbohydrate ingestion. During 
yolk formation, metabolites derived from protein are 
presumably removed from the blood by the ovaries. 
Tnis is thought to account for the decrease in the 
volume and activity of the corpus allatum which occurs 
during yolk deposition, and this reduction leads to the 
eventual diminution in carbohydrate ingestion. 

A more detailed report will be published later. 

Thanks are due to Prof. V. B. Wigglesworth, for 
encouragement, advice and facilities, and to the 
Colonial Office which supported this investigation with 
a research grant. 


J. StRANGwWAYS-DIxon 
Department of Zoology, 
University of Cambridge, 
Downing Street, 
Cambridge. 
Sept. 18. 


1 Fraenkel, G., J. Exp. Biol., 17, 18 (1940). 


PATHOLOGY 
Ovine Abortion due to Toxoplasmosis 


ABORTION of infectious origin in sheep, has been 
attributed to many organisms. Of the bacterial 


agents Salmonella abortus ovis and Vibrio fetus appear . 


to be the most common ; of less frequent occurrence 


are other members of the Salmonella and members of 


the Brucella, Listerella, Leptospira, Bacteroides and 
Corynebacterium groups. A virus of the Pstitacosis- 
Lymphogranuloma group has been associated with a 
large adie of flock outbreaks of abortion in Great 
Britain! snd, more recently, in Germany, France, 
Hungary and the United States. 

In Yorkshire, where abortion occurs in more than 3 
per cent or stillbirth of breeding ewes”, examination of 
aborted ovine material from 39 flocks in 1957 and from 
34 flocks in 1958 revealed a recognized etiological 
factor in only 19 (48-7 per cent) and 20 (58-8 per cent)’. 
since the cause of at least 40 per cent of abortions 
‘emained unexplained it was decided to investigate, 
luring 1959, the possible role of Toxoplasma gondii. This 
rganism has already been found to cause sporadic‘ 
and epizootic® illness in sheep and to produce experi- 
nental ovine abortion with infection of the aborted 

etuses and stillborn lambs’. Hartley and _ his 
colleagues®? described a disease affecting aborted 
ovine foetal membranes, isolated Toxoplasma from 
‘hem and reproduced the condition in experimental 
animals. Roever-Bonnet® and Rawal® have shown 
that subclinical Toxoplasma infection is quite common 
in sheep (isolations in 13 and 6 per cent respectively). 

The methods we used for the detection of Toxo- 
plasma infection were to inoculate into mice, brain 
emulsions and liver emulsions from foetuses which 
were in a reasonable state of preservation and to do 
the Sabin-Feldman (dye) test!® on sera taken from 
ewes in the late autumn of 1958, from ewes which 
lambed normally in the spring of 1959 and from ewes 
which aborted. Sera were inactivated at 60°C. for 
20 min. before testing. 
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Examination of aborted material from 93 flocks in 
all the Ridings showed evidence of infection by virus 
in 29, by Vibrio fetus in 4, and by Salmonella dublin 
in 1. We were able to examine foetuses from only 39 
of the abortions for evidence of Toxoplasma infection 
and in 6 (15 per cent) of these it was found, 5 times in 
the brain and once in the liver. In none of these cases 
was any other specific pathogen found. The strains 
of Toxoplasma isolated, have, so far, been similar in 
form and behaviour to our low virulence rabbit A 
strain}!. 

The results of the serum antibody tests are presented 
in Table 1 and for simplicity they have been grouped 
as weak or negative (<1:16), moderate positive 
(1:16-1:64) and strong positive (1:128—1:1,024). 


Table 1. ‘DYE-TEST’ TITRES OF NORMAL AND ABORTING EWES 
eg-1:38 1:16-1:64 1:128-1: él. 024 —_ 

Autumn sample és 40%) 89 (55%) 9 (5%) 

—— —, ‘ 59 (34%) 108 (61%) 9 (5%) 176 

Abor' ue to a vira 

Sea ae cites 14 (28%) 34 (66%) 3 (6%) 51 

Abor u 

causes 29(18%) 107 (68%) 22 (14%) 158 


There is no significant difference between the 
antibody-levels of those ewes which lambed normally 
and either those bled in the autumn (y?=1:-73, 
d.f.=2, P=0-4) or those which aborted from a 
bacterial or viral cause (y?= 0-63, d.f.=2, P=0-7) but 
there is a significant difference between these three 
groups and those which aborted from other as yet 
unknown causes (y?=26-1, d.f.=6, P=<0-001). 
That Toxoplasma was not present as a harmless 
commensal is suggested by the fact that in no case 
where it was isolated was any other pathogen found. 
This is supported by the fact that the greatest per- 
centage of animals having high antibody levels 
indicative of recent infection is in the group which 
aborted from other causes. Maternal Toxoplasma 
infection does not always kill the foetus for one ewe 
had twins, one born alive, the other stillborn and from 
its brain we isolated Toxoplasma. This may explain 
the presence of high antibody levels in a few of the 
sheep which lambed normally. Unfortunately it was 
not possible to trace and follow up the apparently 
healthy lambs of those ewes which had high antibody 
levels. 

At present there is insufficient evidence to indicate 
whether sheep have infected foetuses only in the 
pregnancy during which they have a primary infection 
or whether, like mice", they have infected foetuses in 
succeeding pregnancies. Clarification of this aspect 
of ovine toxoplasmosis is necessary, both for an 
understanding of the epidemiology of this disease in 
sheep and as a preliminary to the possible use of 
vaccines. 

J. K. A. BEVERLEY 
Dept. of Bacteriology, 
University of Sheffield. 
W. A. Watson 
Veterinary Investigation Centre, 
Leeds. 
Sept. 7. 
Stamp, J. T., McEwen, A. D., Watt, J. A. A., and Nisbet, D. I., 
Vet. Rec., 62, 251 (1950). 
? Sellars, K. C., and Leech, F. B., J. Agric. Sci., 46, 90 (1955). 
3 Watson, W. A. (unpublished observations). 
‘ Wickham, N. W., and Carne, H. R., Aust. Vet. J., 26, 1 (1950). 
5 Cole, C. R., Sanger, Vid, Farrell, R. L., and Kornder, I.D., NM 
Amer. Vet., 35, 265 (1954). 
* Har Ww. ey and Boyes, Betty, Proc. N.Z. Soc. Anim. Prod., 
a wert a9 J., and Marshall, S. C., N.Z. Vet. J., 5, 119 (1957). 
. Roever-Bonnet, H. de, Doc. de Med. Geog. et Trop., 9, 336 (1957). 
* Rawal, B. D., Lancet, i, 881 ew 
cience, 108, 660 (1948). 


10 Sabin, A. B., : end Feldman, H. A., 
ae Beverley, J.K.A., Nature, 183, i3de rian). 
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Haptoglobin and Transferrin Variants in 
Bushmen and Some Other South African 
Peoples 


THE recent University of the Witwatersrand- 
Nuffield expedition to the Kalahari desert enabled one 
of us (J.S.W.) to collect blood samples from Naron 
Bushmen, living their traditional hunting life and from 
Bushmen employed on farms in the vicinity of Ghanzi, 
Bechuanaland. The blood-grouping results on these 
specimens have already been reported!. In addition, 
two of us (R.S. and J.S.W.) were able to obtain 
samples from Hottentot (Nama-speaking) subjects 
in the Richtersveld area of Little Namaqualand and 
from Cape-coloured people in the Springbok and 
Steinkopf regions. Since the genetical variants of the 
serum proteins have not previously been studied in 
these peoples the sera were forwarded to London by 
Dr. A. Zoutendyk, who also kindly provided a series 
of Zulu sera, collected in Johannesburg, for compari- 
son. The sera were examined by starch-gel electro- 
phoresis using B.D.H. potato starch hydrolysed by the 
by the method of Smithies?. The discontinuous buffer 
system described by Poulik? was used in routine 
screening. After addition of hemoglobin to saturate 
the haptoglobins the sera were inserted into a wide gel 
on pieces of filter-paper in batches of twelve. One half 
of the gel was stained with amiéoschwartz and the 
other was treated with benzidine-hydrogen peroxide 
reagent. Specimens in which haptoglobins were weak 
or apparently absent were also run by the vertical 
method and this was also used to compare ($-globulin 
variants the identity of which as iron-binding trans- 
ferrins was checked with the nitroso-R reagent of 
Smithies®. The results are shown in Table 1. 

Table 1 
Transferrin 


phenotypes 
cD, dD 


Gene freq. 


Hp Hp? 


Haptoglobin phenotypes 
1-1 2-1 2-1M 2-2 Neg. 

Bushmen 
(a) Tribal 7 29 7 10 
(b) Farms 2 5 11 2 B 
Total R 12 40 E é 7 13 


Hottentots 
(a) Random 34 
(b) Related 25 
Total 59 0-51 
Cape-coloured 88 0-47 


Zulus 113 0-53 


* Standard error = 0-05 


The most striking feature is the low frequency of the 
haptoglobin gene Hp! in the Bushmen as compared 
with the other three South African series which are 
closely similar to one another in this respect. The Hp} 
frequency in the latter is however lower than that 
reported for WestAfricans®-§ and confirmed by un- 
published Nigerian material of our own. It should be 
noted that the Hottentot series, which was difficult to 
get, unavoidably contained a high proportion of closely 
related subjects. In order to make the most efficient 
use of the data the method devised by Dr. C. A. B. 
Smith®, to whom we are grateful for advice, was used 
in calculating random gene frequencies. A few cases 
were encouncered in which no haptoglobins could be 
detected. Since the genetical significance of this 
phenotype, which may be very common in West 
Africa®:19,11, js still not clear it seemed best to exclude 
these cases in calculating the gene frequencies. Some 
typical examples of the modified 2-1 phenoytpe 


December 26, 1959 


VoL. 184 


(2-1 M)11.12 were found in the Zulu but not in the 
other populations. In the Bushmen and Coloureds 
however a few sera were noted in which the slower af 
bands were relatively weak although the Hp! band 
was somewhat weaker than the first «8 band. 

A slow transferrin variant was found to be quite 
common in the Bushmen, and one serum which showed 
this variant alone was kindly examined by Dr. O. 
Smithies who identified it as 8 D, which was first 
described by him!* in Australian aboriginal and 
American negro sera and is fairly common in some 
West African populations!4. This variant is evidently 
less frequent in the Zulu and Coloureds and perhaps in 
the Hottentots than in the Bushmen. 

Information about the distribution of serum 
protein variants in Africa as a whole is still very 
limited and our own material represents only a small 
section of the widely dispersed Bantu, Bushman and 
Hottentot-derived peoples; any conclusions must 
therefore be tentative. In some respects the Bushmen 
are distinguished both in morphology and blood group 
frequencies!:15 from other Africans and it appears that 
their haptoglobin frequencies may also be unusual. 
The Hottentots are generally regarded as closely 
related to the Bushmen on morphological and lin- 
guistic grounds but substantial blood group differences 
between them have been reported!® and it seems that 
the haptoglobins may be another point of distinction. 
It is doubtful whether any sizeable Hottentot- 
speaking groups survive today who are free from 
European ancestry; intermixture, mainly with Dutch, 
has led to the formation of various hybrid coloured 
communities. From what we know of European 
haptoglobin frequencies!®, however, this would have 
made them more like the Bushmen in this respect so 
that the earlier Hottentots may have been more 
distinct. The effect of intermixture with ‘Malays’ 
(Moslem Indonesians) cannot at present be assessed. 
Although Hottentot tribes interbred with Bantu in the 
eastern Cape this was not the case in the north-west. 
The complex of Bantu-speaking peoples vho now 
form the Zulu nation show some evidence »f former 
contacts with Bushmen or Hottentots, in their 
language, but the main areas of recent biological inter- 
mixture betwen Bantu tribes and Hottentots are 
further to the south. 
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